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Preface 


Thank you very much for attending the “1994 Interna- 
tional Symposium on Semiconductor Manufacturing.” 


We are proud that we could hold such a useful sympo- 
sium with the attendance of so many people from the 
U.S., Europe and Asia, as well as from Japan. The 
symposium is being held under the joint sponsorship of 
IEEE EDS, SEMI and UCS with advice from the Min- 
istry of International Trade and Industry, Japan, and 
also through the support of various associations and 
institutions all over the world. 


On behalf of all the committee memters, I would like to 
express my heartfelt thanks to all the people concerned 
for your kind understanding and assistance in organizing 
this symposium. 


The speeches and papers to be presented in this sympo- 
sium total 54; composed of 5 invitational talks, 30 
speeches and 19 poster presentations including late news 
submissions. 


Nowadays, the most advanced semiconductor devices 
have become so complex and sophisticated that small 


fluctuations in process conditions or minute amounts of 
particles or impurities in the process environment have 
huge influences on the characteristics, product yield and 
reliabi'ity of semiconductor devices. 


At the same time, semiconductor production cost issues, 
as expressed in a phrase, “technically fantastic, but, 
economically not feasible” is causing a big argument 
among semiconductor people. 


ISSM is a unique symposium calling engineers and 
technical people in the actual production field of semi- 
conductor and related industries from all over the world 
to achieve its goal of “Global Partnership.” 


1 sincerely hope that this symposium, ISSM’94, will 
provide you with a useful and interesting place for 
discussions and cooperation under the above common 
theme of “Global Partnership.” 


We, all of the committee members and support staff, will be 
more than happy if you can utilize this symposium as a 
place for technical collaboration and also to create friend- 
ships. As a result, the semiconductor industry will be able to 
contribute to the prosperity and happiness of mankind. 


Sadakazu Shindo, Chairman of Organizing Committee, 
ISSM'94 


ISSM’94 Committee 
Organizing Committee 
Chairman: Sadakazu Shindo (Mitsubishi Electric) 


Vice-Chairmen: Tadahiro Ohmi (Tohoku University); 
Yasusuke Sumitomo (Iwate Toshiba Electronics) 


Members: Yukikazu Fujiwara (Rohm); Tadao Higashi 
(Oki Electric Industry); Shoji Hirabayashi (Mitsubishi 
Electric); Akira Inoue (Tokyo Electron); Hiroshi Inoue 
(Sharp); Kiyoji Ishida (IBM Japan); Tatsuo Kawasaki 
(Matsushita Electronics); Motohiro Kitajima (Nippon 
Motorola); Sadao Kondo (Sanyo Electric); Tsugio Maki- 
moto (Hitachi); Hikotaro Masunaga (Fujitsu); Sachiaki 
Nagae (Texas Instruments Japan); Masanobu Ohyama 
(Toshiba); Yasuyoshi Sakai (Nippon Telegraph and Tele- 
phone); Hajime Sasaki (NEC); Seiichi Watanabe (Sony) 


Advisory Committee 


Domestic Members: Nobuo Mikoshiba (Hewlett- 
Packard Laboratories Japan); Hisakazu Mukai (Oki 
Electric Industry); Ichiro Nakajima (Ministry of Interna- 
tional Trade and Industry); Susumu Namba (Nagasaki 
Institute of Applied Science); Takuo Sugano (Toyo Uni- 
versity); Toshinobu Takagi (lon Engineering Research 
Laboratory); Kiyoshi Takahara (Mitsubishi Corpora- 
tion); Shoji Tanaka (Superconductivity Research Labo- 
ratory); Yasuo Tarui (Waseda University); Hiroo 
Toyoda (NTT Electronics Technology); Kimio Yanagida 
(Fujitsu AMD Semiconductor) 


Overseas Members: Harry Calhoun (IBM, U.S.); Pallab 
Chatterjee (Texas Instruments, U.S.); Thomas D. 
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George (Motorola, U.S.); James F. Gibbons (Stanford 
University, U.S.); Anton Heuberger (Fraunhofer- 
Institute, Germany); David Hodges (UC Berkeley, U.S.); 
James A. Hutchby (Research Triangle Institute, U.S.); 
Matt Kuhn (MCNC, U:S.); James D. Meindl (Georgia 
Institute Tech, U.S.); Gordon E. Moore (Intel, U.S.); 
James C. Morgan (Applied Materials, U.S.); Helmuth 
Murrmann (Siemens Germany); Roger Van Overstra- 
eten (IMEC, Be .gium); William J. Spencer 
(SEMATECH, U:S.); W.J. Sanders (Advanced Micro 
Devices, U.S.) 


Executive Committee 
Chairman: Tadahiro Ohmi (Tohoku University) 


Vice-Chairman: Yasusuke Sumitomo (Iwate Toshiba 
Electronics) 


Members: Eisuke Arai (Nippon Telegraph and Tele- 
phone); Kiyoshi Demizu (Mitsubishi Electric); Yoshio 
Enosawa (Nippon Motoroia); Takeshi Hattori (Sony); 
Junichi Hikita (Rohm); Masataka Hirose (Hirost na 
University); Toyotaro Horiuchi (Texas Instrumecuts 
Japan); Issei Imahashi (Tokyo Electron); Michihiro 
Inoue (Matsushita Electric Industrial); Masanao Itoga 
(Fujitsu); Masahiro Kashiwagi (Toshiba); Yasuo 
Mizokami (Oki Engineering); Yoriyuki Murakawa 
(UCS); Shigeru Nakayama (SEMI); Masahiko Ogirima 
(Hitachi); Takeshi Sakurai (Sharp); Koji Shiro (Intel 
Japan); Hideki Tsuya (NEC); Kinya Watanabe (IBM 
Japan); Akira Yoshida (Sanyo Electric) 


Japan Program Committee 
Chairman: Masahiko Ogirima (Hitachi) 


Vice-Chairmen: Tadashi Kiriseko (Fujitsu); Mamoru 
Tomozane (Nippon Motorola) 


Members: Tsuneo Ajioka (Oki Electric Industry); Akira 
Harada (Tokyo Electron); Yuichi Hirofuji (Matsushita 
Electric Industrial); Masahiro liri (Toshiba); Masanori 
Kikuchi (NEC); Hitoshi Nagata (Mitsubishi Electric); 
Shigeru Nakajima (Nippon Telegraph and Telephone); 
Yoshihisa Nogami (Sharp); Tadashi Shibata (Tohoku 
University); Hidemi Takasu (Rohm); Kentaroh Tobi- 
matsu (IBM Japan); Kiyoshi Yoneda (Sanyo Electric) 


U.S. Program Committee 
Chairman: Court Skinner (National Semiconductor) 


Members: Bert Allen (Advanced Micro Devices); Dan 
Goranson (Intel); Jack Wenstrand (Hewlett-Packard) 


Finance Committee 

Chairman: Kiyoshi Demizu (Mitsubishi Electric) 
Members: Takeshi Hattori (Sony); Kazuko Ikeda (NEC) 
Steering Committee 


Chairman: Masahiro Kashiwagi (Toshiba) 
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Vice-Chairman: Takeshi Hattori (Sony) 


Members: Tsuneo Ajioka (Oki Electric Industry); Yoshi- 
hide Asai (IBM Japan); Kiyoaki Hara (Applied Materials 
Japan); Yoshinobu Hayashi (Tokyo Electron); Yukio 
Higaki (Mitsubishi Electric); Kazuko Ikeda (NEC); Kat- 
suhiko Itoh (Hitachi); Tadashi Kiriseko (Fujitsu); Tohru 
Mochizuki (Toshiba); Hiroshi Nakagawa (Mitsubishi 
Corporation); Masao Obara (Texas Instruments Japan); 
Tadashi Sato (Nippon Sanso); Mamoru Tomozane 
(Nippon Motorola); Yasuyoshi Yamada (Canon) 


Sponsoring Companies 

ALPS Electric Co., Ltd. 

ANELVA Corporation 

Applied Materials Japan, Inc. 
BENKAN Corporation 

Brooks Instrument K.K. 

CANON Inc. 

CKD Corporation 

Dainippon Printing Co., Ltd. 
Dainippon Screen Mfg. Co., Ltd. 
DAN Science Co., Ltd. 

DISCO Corporation 

EBARA Corporation 

FUJIKIN Incorporated 

FUJITSU Limited 

Hashimoto Chemical Corporation 
Hitachi, Ltd. 

Hitachi Tokyo Electronics Co., Ltd. 
IBM Japan, Ltd. 

INNOTECH Corporation 

INTEL Japan K.K. 

IWATANI Industrial Gas Corporation 
Japan ADE Ltd. 

Japan Synthetic Rubber Co., Ltd. 
KAJIMA Corporation 

KANTO Chemical Co., Inc. 

KLA Japan Ltd. 

Kobe Steel, Ltd. 

KOKUSAI Electric Co., Ltd. 


Komatsu Electronic Metals Co., Ltd. 
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KTI Semiconductor Ltd. 

Kurita Water Industries Ltd. 
Marubeni Hytech Corporation 
Matsushita Electric Industrial Co., Ltd. 
Matsushita Electronics Corporation 
Mitsubishi Corporation 
Mitsubishi Electric Corporation 
Mitsubishi Kasei Corporation 
Motoyama Eng. Works, Ltd. 

M. Watanabe & Co., Ltd. 

NEC Corporation 

New Japan Radio Co., Ltd. 
Nikon Corporation 

Nippon Motorola Ltd. 

Nippon Pillar Packing Co., Ltd. 
Nippon Precision Circuits Ltd. 
Nippon Sanso Corporation 
Nippon Steel Semiconductor Corporation 
Nippon Telegraph and Telephone 
Nippon Tylan Corporation 

Nissin Electric Co., Ltd. 

Nomura Micro Science Co., Ltd. 
Ohno Bellows Industry Co., Ltd. 
OKI Electric Industry Co., Ltd. 
Organo Corporation 
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REALIZE Inc. 
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SEKISUI Chemical Co., Ltd. 
SHARP Corporation 

SHIMIZU Corporation 
SHIN-ETSU HANDOTAI Co., Ltd. 
SHINKO Electric Co., Ltd. 
SHINKO PANTEC Co., Ltd. 
SHOWA DENKO K.K. 

SONY Corporation 

STEC Inc. 

Sumitomo Metal Industries, Ltd. 
Sumitomo Sitix Corporation 
TAIKISHA Ltd. 

TAIYO SANSO Co., Ltd. 


TAKASAGO Thermal Engineering Co., Ltd. 


TAMA Chemicals Co., Ltd. 
TECHNO RYOWA Ltd. 
TEISAN K.K. 
TERADYNE K.K. 


Texas Instruments Japan Limited 


The Cooperative Facility for Aging Tester Development 


TOKKYOKIKI Corporation 
Tokyo Electron Limited 
TOPCON Corporation 

Toshiba Ceramics Co., Ltd. 
Toshiba Corporation 

Toshiba Machine Co., Ltd. 
TOYO NETSU KOGYO KAISHA,., Ltd. 
Toyoko Kagaku Co., Ltd. 

Tri Chemical Laboratory Inc. 
UEKI Corporation 

Ultra Finish Technology Co., Ltd. 
ULVAC Corporation 

UNION 

Yutaka Engineering Corp. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














Program and Contents 


June 21 a.m.: 
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turing: A. Bowling, Texas Instruments, U..6................ 3] 
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II-4. Results of an Implant Masking Integrated Workcell 
in a Development Facility: R. Griffin, R.S. Guo and M. 
Slama, National Semiconductor, U.S. ..................006 34 
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15:30-15:45 (Break) 


III. “Factory Management”: Chairman: M. lin, Toshiba; 
Co-chairman: J. Wenstrand, Hewlett-Packard 
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18:00-20:00 Reception (Tosho Skyroom, Tosho Bldg. 8F) 


June 22 a.m.: “Device/Process Innovations and Defect 


Management” 


IV. “Device and Process Innovations Based on Ultra Clean 
Technology”: Chairman: T. Ajioka, Oki Electric Industry; 
Co-chairman: B. Allen, Advanced Micro Devices 


9:00-9:30 


IV-1. Process and Device Innovations Based on Ultra 
Clean Technology (Invited): T. Ohmi, Tohoku Univ., 
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14:00-14:20 
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Y. Nishi and B. Phillips, Hewlett-Packard, U.S. ......139 
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Fundamentals of Wafer Fab Automation—The 
Fourth Generation CIM FA 


43070112B Tokyo GLOBAL PARTNERSHIP ISSM '94 
in English Jun 94 pp 23-26 


[Article by Tamotsu Koike, Semiconductor Engineering, 
YASU, IBM Japan LTD., 800 Ichimiyake, Yasu, Shiga 
520-23, Japan] 


[FBIS Transcribed Text] More than ever, the large-scale 
wafer requires precise process control, feedback/feed 
forward for productivity. CIM FA (Computer Integrated 
Manufacturing Factory Automation) will be a funda- 
mental solution to future semiconductor manufacturing. 
In this paper, I would like to discuss what CIM FA 
should be for semiconductor manufacturing, and intro- 
duce a CIM FA plant where we are now operating 
200mm manufacturing. 


CIM FA for Semiconductor Manufacturing 


The present CIM Factory Automation for semicon- 
ductor manufacturing is categorized in three generations 
as follows. 


1. The first generation is wafer handling automation, 
which is implemented at many wafer fabs. (Figure 1) 
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Figure 1. Wafer Transfer Automation 





The wafer handling automation is to reduce human 
generating particles in the clean room as well as to save 
labor cost. 


The system consists of automated stockers, automated 
guided vehicles with robotics hand and/or magnetic 
floating trolleys. The vehicles and stockers are controlled 
by a floor control system. 


2. The second generation is tool integration such as 
photo tool integration (resist apply—bake— 
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expose—bake develop), hot tool integration (preclean 
oxidation—film deposition) and etch tool integration 
(etch—film deposition—etch). This integration enables 
reducing manufacturing cycle time, and also contributes 
to the stable and precise process control by a constant 
queue between processes, minimum exposed time in air 
to prevent natural oxide growth, etc. The tool integration 
focused much more on process/tool performance than on 
particle reduction or labor savings. The photo cluster 
tool is a representative of too! integration. (Figure 2) 
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Figure 2. Photo Cluster Tool 


3. The third generation is to connect tools with floor 
control system computers, and to communicate neces- 
sary information for operation. 


The information to tools is: 


lot number 

recipe ID 

wafer quantity 

operation start permission 


The information from tools is: 


¢ tool status (production/idling/trouble shooting/ 
preventive maintenance) 

* operation start time 

* operation completion time 

* process conditions (pressure/gas flow/ 
temperature/process time/alarm/etc.) 

¢ physical wafer location 


This level of autoination is considered a fully computer 
integrated manufacturing factory automation, and is the 
most advanced automation today. 


The Fourth Generation CIM FA 


The fourth generation CIM FA has to provide more 
values to the process control and productivity improve- 
ments. Here is an example of the fourth generation CIM 
FA of semiconductor manufacturing. 


1. Process control automation 


In conjunction with the technology development and 
large scale wafer utilization, further advanced computer 
integrated automation is now required. When the wafer 
size becomes larger, the uniformity of film thickness, 
etch dimensions accordingly become worse. For 
example, +/-5 percent variation on 150mm wafer is 
equivalent to +/-7 percent variation on a 200mm wafer. 
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Figure 3. CIM FA System Architecture 





In order to compensate for this variation or rather to 
improve the variation for more tight ground rule tech- 
nology, process control automation becomes important. 


1.1. Process feedback 


expose time 
overlay alignment 
focus 

resist thickness 
etch time 


Refer to process feedback system example in the next 
page. (Figure 4) 


1.2. Process feed forward 


* optimum tool selection 
* optimum recipe selection 


1.3. Queue time restriction control 


* preciean to oxidation 
* preclean to ion implantation 
* expose to post expose bake 


Process feedback system example 


—The system integrates ND SEM (develop/etch size mea- 
sure), KLA (overlay measure), Stepper, Coater and 
developer together as in Figure 4. The system gives 
optimum exposed energy, stage alignment size and resist 
thickness from the feedback data of previous lots. 
(Figure 4/5) 
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Figure 4. Photolithography Feedback System 






































vei.) 


AFTER IPPROVEMERT 


Gi2b: 8) <> 


BEFORE =| APROVEFERT 


Figure 5. Photo Develop Size Variation 


JPRS-JST-94-033 
7 October 1994 


2.1 Relational database 


The following data are collected and stored in the 
database. The data are accessible through an office 
computer by individual end users, who will review the 
data or process them to find significance for the 
improvement actions. 


- Operational data base 


Lot No., Route No., Operation No., Tool No., Start 
time, Comp time, Operator ID 


- Measurement database 


Lot No., Measuring tool No., Operation No., Measure- 
ment data (max, min, mean, Std dev) 


- In line test database 


Lot No., Tester No., Parameter ID, Wafer ID, Test 
result, Chip location 


- Final test database 
Lot No., Tester No., Wafer ID, Test result, Chip location 
2.2 Process/tool monitor 


Real time monitor of process/tool status will keep engi- 
neers up to date on their process and tool performances, 
which will provide quick corrective actions to maintain 
process and tools at the best conditions. 


¢ Tool availability/utilization (Figure 6 [not repro- 
duced]) 
Lot progress/priority 

¢ Process monitor data (size, thickness, RS, particle 
count, etc.) (Figure 7) 

¢ Test data (In line, Final) 
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Figure 7. Process Monitor Data 








2. Engineering Data Analysis 


When the process becomes complicated with the tech- 
nology migration, the establishment of a database and 
utilization of the data with computer assist will become 
essential for the problem analysis and yield management. 


2.3 Yield management 


It is one of the best methods for yield management to 
find out the significance among operational data, mea- 
surement data, in line test data and final test data. 
(Figure 8) 
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Figure 8. Measurement vs. Final Test Data 





Tool sort analysis is a great help to identify the problem 
tools. (Figure 9) 
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Figure 9. Tool Sort Analysis 





Time slide analysis is a powerful tool to identify the 
problem process. (Figure 10) 
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Figure 10. Time Slide Analysis 





The Future CIM FA 


The future CIM FA will focus on engineering activity 
automation as well as operational automation. The 
fourth generation automation in this paper indicates a 
way to future automation. 


Merits and Demerits of Automation 


43070112C Tokyo GLOBAL PARTNERSHIP ISSM ‘94 
in English Jun 94 pp 27-30 


[Article by Hiroyuki Yoshida, Kitaitami Works, Mitsub- 
ishi Electric Corporation, 4-1 Mizuhara, Itami-shi, 
Japan 664) 


[FBIS Transcribed Text] Automation has been intro- 
duced into IC manufacturing line, based on the progres- 
sion of manufacturing technology, so that the totally 
automated line can be already realized. This cultivated 
experience showed several merits to us, but also indi- 
cated some needless demerits. This paper will discuss 
merits and demerits of automation on our results, and 
consider future automation. 


1. Introduction 


Like other industries, automation of IC manufacturing 
has made progress, mainly increasing its productivity. 
Today the totally automated line, which can be applied 
to the large-variety/small-volume products like semi- 
custom ICs, have already been realized, and efforts are 
being made for constructing the sophisticated data utili- 
zation system, which handles the integration of produc- 
tion, equipment, and quality data. The transition to 
factory automation is shown simply in Figure |. 


With the progress of automation, it has become clear 
that automation has brought some benefits, for example, 
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Figure 1. The Transition to Factory Automation 





higher yield, higher quality, shorter lead time, etc., in 
addition to a smaller number of workers, so that it is 
recognized as indispensable for IC manufacturing, espe- 
cially in wafer fabrication line. 


The merits and demerits of the automation are summa- 
rized below. 


1) Merits 


¢ Reduction of personnel 
¢ Improvement of device yield and quality, owing to 


(1) Prevention of mis-operation 
(2) Reduction of particle 
(3) Precise process control 


¢ Reduction of turn-around-time (TAT) 


¢ Improvement of production management definition 
2) Demerits 


¢ Increase of investment 

¢ Increase of some running cost, such as clean-room 
space occupied by transport system 

¢ Reduction of line flexibility for product's generation 
change 

¢ Increase of production disturbing possibility by 
system up-grade change 


2. Current Status of Automation 


Before the above-mentioned merits and demerits are 
fully discussed, the factory automation system which we 
are realizing in our wafer fabrication line is introduced 
first. The configuration of the control system ts shown in 
Figure 2. 
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Figure 2. Factory Automation System 
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2.1 Automated processing 


Most of the equipment in the manufacturing line is 
automated for a cass :tte-to-cassette manner. They follow 
a standardized communications procedure and receive 
processing parameters from the process control com- 
puter. The equipment which complete the process will 
report the processing results. 


2.2 Automated transport 


As shown in Figure 3, the transport system consists of 
three types of transport equipment: the intra-shop trans- 
port robot which loads and unloads cassettes to and from 
the manufacturing equipment, the automatic guided 
vehicle which transports cassettes between shops. and 
the linear motor transport equipment which transports 
cassettes between shops which are far apart. There are 
also relay stations which serve as buffer points for 
intra-shop anc inter-shop transport, where the WIP is 
adjusted and the cassette transport sequence is set. These 
equipments are controlled by the transport instructions 
given by the computers. 


2.3 Automated line control 


The intra-shop control computer gives transport instruc- 
tions to the intra-shop transport equipment. It also gives 
processing instructions to the processing equipment. 
Through the LAN, the processing equipment reports the 
process progress data, the product quality data, the 
operation status data, and other processing results to the 
factory management computer in real time. The data 
received is stored in the plant management computer's 
database. The data is processed as production control 
data, quality control data, and equipment control data 
which are made available when required. 


3. Merits and Demerits of Automation 


On the understanding of the current status of automa- 
tion, the merits and demerits of automation are fully 
discussed in this section, by breaking automation into 
the following four phases. 


Transport Robot, 





Phase 0 (Low-level data utilized automation) 


This phase of automation is basically structured on the 
assumption that the line consists of off-line controlled 
process equipments. 


Phase I (High-level data utilized automation) 


This phase is structured on on-line controlled process 
equipments and works with ID cards. 


Phase II (Inter-process transporting automation) 


This phase is applied to the automated inter-process 
transportation system, which can transport works 
between processes and store some amount of works for 
each process onto the above phase I automation. 


Phase III (Intra-process transporting automation) 


This phase is applied to the automated intra-process 
transportation system, which can transport works 
between process equipments onto the phase | or II 
automation. 


The content of these four phases of automation may be 
easily understood by tracing the transition to faciory 
automation shown in Figure | and comparing with the 
current status of automation in the previous section. 


Each of these four phases has its own degree of effect on 
the merits and demerits, as shown in Table | and Table 
2. In these tables, the column shows each of the merits 
and demerits of automation which were described in the 
introduction. 


In the following discussion, the symbolic merits and 
demerits of phases I II, II] are considered in Table | and 
Table 2. 














NZ > 

5 Ww ta 

SE 

Relay Station ~ A. 
( a Equipment 
| 
| 
7 —T alien ON 
a e/ 4 TTS 














Linear Motor 
Transport Systom 


AG VY [Automatic 


Guided Veticie) 


Figure 3. Transport System 











This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 











JPRS-JST-94-033 
7 October 1994 





Yiels Improve. 


Mi s-—Oner article} Precise 
“Op Redue Cont. 


Person. Reduc. 


Work 
Hand. Other 


FA Merits 
FA Phase 


PHASE O 
PHASE I O © © © 
PHASE 0 © O O 


PHASE O O © O 


The symbol © means the FA phase has relatively a big effect to the merit/benefit, 
BLANK does 


does the FA phase has relatively an effect to the merit/benefit, and 
Table 1. FA Merits by FA Phase for Wafer Fabrication Line 





Produc. Manage. 
Defini. Improve. 















































the FA phase has relatively a smal! or no effect to the merit/benefit. 








Invest. Increase 


Less Flexibilith | Produc. Disturbance 
or Product’ s by 


A Demerits 
FA Phase 





Initial Cost|Running Cost 


Generation Change | System Up-Grade Change 





PHASE O 


A 





PHASE | A 


x 





PHASE 1 x * 


A A 











PHASE x x 


x ray 











The symbol xX 
A does 
BLANK does 








means the FA phase has relatively a big effect to the demerit/problem, 
the FA phase has relatively an effect to the demerit/problem, and 
the FA phase has relatively a smal! or no effect to the demerit/problenm. 


Table 2. FA Demerits by FA Phase for Wafer Fabrication Line 





3.1 Phase I 
1) Merits 


1. The yield and quality of IC chips become 
higher and stable, because for one thing misoperation 
due to personnel is eliminated, and for another thing, 
collected enormous process data can be analyzed quickly 
and monitored continually. 


2. More precise control of equipment and process 
conditions can be achieved by using, for example, the 
FF/FB system. 


3. The production management definition, such 
as work’s progression and location, and process results, 
is improved, so that the very complicated production 
management can be simplified in the manufacturing line 
for large-variety/small-volume products, and it is pos- 
sible to take quick countermeasures to process problems. 


2) Demerits 


1. It costs a lot to construct the control system and 
to also provide on-line controlled functions. 


2. The system up-grade change, which means the 
replacement of S/W to add new functions, sometimes 


disturbs the production output. It is no exaggeration to 
say the control system conducts all operations in the line, 
so it has a major effect when stopping. 


3.2 Phase Il 
1) Merits 


1. Tie number of workers, which engage in trans- 
porting work between processes, is decreased. Because 
the job shop layout structure, which is generally adopted 
to increase production efficiency by locating the same 
equipment together, makes the transport between pro- 
cesses long for the pass and increased for the number, 
therefore it would need a lot of workers without auto- 
mation. 


2. The lead time is shorter and the work- 
in-process is decreased, by balancing and minimizing the 
work-in-process for each process step. 


~ 


Demerits 


1. The cost to build the inter-process transporting 
system is high. Because it is a large-scale system and is 
required for some specific functions, such as work-stock 
and batch arrangement, and also needs a control system 
to be described in the phase I, which has work’s detail 
progression data. 
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2. The running cost is not sufficiently decreased 
because the number of workers is decreased, but the 
clean-room space occupied by the transport system 
increases. 


3.3 Phase III 
1) Merits 


1. The yield and quality of IC chips become 
higher and stable, because the human factors, namely, 
particles and contamination from personnel, misopera- 
tion due to personnel, are removed. 


2. The number of workers, which engage in load- 
ing/unloading work to equipment, is decreased. But it 
cannot be clearly said that the result is sufficiently a 
match for the investment. 


2) Demerits 


1. The cost to make the intra-process transporting 
system is high. Because the robots that are dust-proof 
and flexible are not only expensive, but it also takes a lot 
to provide equipment with loaders/unloaders which can 
receive robot’s handling. 


2. The flexibility for product’s generation change, 
which may require re-layout of equipment to improve 
their capability, becomes small. Because generally the 
intra-process transporting system is designed according 
to the layout, capability, and process form of each 
equipment. 


4. Prospects of Automation 


Automation is recognized as indispensable for IC man- 
ufacturing, especially in wafer fabrication, endorsed by 
the above-mentioned merits, but there is plenty of room 
to improve it. Especially the cost demerits should be 
resolved as first priority, replying to the present market 
need to the device price. 


In the previous section, the idea in which automation is 
broken down into four phases was brought up for expla- 
nation. It can be a solution, which depresses demerits at 
the smallest amount and gets sufficient merits, that these 
phases are being introduced step by step, from the phase 
0 to the phase III, according to the line and production 
size change. 


For the small size line it is sometimes better to put an 
end to phase I, considering the cost to take, but for the 
medium or large size line there is no disagreement to 
make progress to phase II, for adopting the job shop 
layout structure. As regards phase III, its merits and 
demerits are taken account of carefully according to each 
process to introduce, so that the judgment should be 
made for the each process. 


Automation is expected to support ULSI wafer fabrica- 
tion as basic technology much more in the future, in 
which the device process becomes more delicate and 
more complicated, and large-variety/variable-volume 
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production is considered as necessary for any line to 
correspond with the market need change, and also the 
wafer size gets bigger, which causes difficulty of han- 
dling. But we should take care of its demerits more. 


Many-kinds Small-amount Production in ASIC 
Factory 


43070112D Tokyo GLOBAL PARTNERSHIP ISSM '94 
in English Jun 94 pp 38-41 


[Article by Kazuhiro Hamashima, Engineering Sect., 
Productive Technology Dept., Fujitsu Aizu Wakamatsu 
Plant, 3 Kougyoudanchi Monden-machi, Aizu- 
Wakamatsu-shi, Fukushima 965, Japan, Phone 0242- 
28-61 11/Fax 0242-28-3167] 


{[FBIS Transcribed Text] With the recent diversified 
market needs, equipment manufacturers have come to 
demand many-kinds small-amount devices with high per- 
formance and short delivery time in order to accomplish 
the desired product specification. To cope with the 
demand, enormous amounts of control items are required 
in the production lines of ASIC factories where customers, 
quantity, and delivery are set for each product. Controlling 
these items only by manpower is almost impossible. To 
meet the demand from equipment manufacturers, it 1s 
necessary to construct an integrated production support 
system, including design and mask/reticle control. 


1. Introduction 


The percentage of ASIC devices, typical products of 
many-kinds small-amount production, at the entire IC 
production shows a tendency to rise gradually. Particu- 
larly in Fujitsu, the percentage of ASIC devices is more 
than twice the average of the industry, because this 
company has been ahead of other companies in putting 
ASICs on the market. 


In the production of ASICs where customers, quantity, 
and delivery are set for each product, the following 
controls are required. 


(1) Control of masks/reticles which are specific to 
individual customers. 


(2) Equipment operation control. (This control 1s 
required because the process quantity 1s not 
constant.) 


(3) Process progress control to cope with different dates 
of delivery of individual products 


The recent tendency of many-kinds small-amount pro- 
duction of devices makes the number of control items 
larger and larger. In addition, the development of tech- 
nology makes the gate width, the number of pins, and the 
speed versions more and more diversified. The increase 
of the number of control items due to the improved 
performance and the mixture of new and old technology 
make the production of ASICs more difficult. 
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For these reasons, the control of many-kinds small-amount 
production, which is characteristic of the production of 
ASICs, is a very important problem to Fujitsu. 


Under these conditions, it is almost impossible for the 
production line alone to solve this problem. It is neces- 
sary to take total measures by the cooperation of the 
Design Department, Production Control Department, 
and the production line. This paper will introduce an 
approach to solve this ASIC-specific problem by intro- 
ducing a production support system with an attempt to 
reduce the manual control items in the production line in 
order to improve efficiency and promote standardiza- 
tion of operation. 


2. Production Support System in ASIC Factories 


As mentioned above, the increase of control items 
caused by many-kinds small-amount production has 
become a serious problem in ASIC production. To solve 
this problem, Fujitsu has introduced production support 
systems. The production support system for ASICs 
cannot be constructed without the control of reticles and 
delivery which vary from customer to customer. 


Therefore, it is necessary to construct the system by 
integrating the Production Department and other 
departments. 


This section discusses the production support system 
integrating the Design, Product Control, Mask, and 
Production Departments, focusing on the metallization 
process. To secure productivity and to observe the date 
of delivery, we put emphasis on the following items. 


(1) Just-in-time supply of masks/reticles. 


(2) Proper lot-input taking the production capacity of 
the factory into account. 


(3) Improvement of the product progress accuracy by 
determining the operation priority in each process 


(4) Automation in the photo process 
2-1 Mask/reticle total management system 


The increase of masks/reticles due to the many-kinds small- 
amount production and the improvement of performance 
lead to the increase of control items of masks/reticles, 
causing the accumulation of products in the photo process 
due to the failure of timely supply of masks/reticles. It has 
been one of the most serious problems in the progress/ 
delivery control. In addition, because of the difficulty of 
keeping the quality of large amounts of masks/reticles stored 
in the production line, masks/reticles requiring cleaning 
before exposure has been found. In order to solve the 
problem of waiting for masks/reticles in the photo process 
(the move in this process has the largest influence on the 
entire process move), and to achieve the just-in-time supply 
of higher quality masks/reticles, we have constructed a 
mask/reticle total management system by integrating the 
Design, Product Control, Mask Production, and Production 
Departments. 
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The mask/reticle total management system consists of 
the following three blocks. 


(1) Design control block 
(2) Mask/reticle production/location control block 
(3) Input determination/move control block 


In the design control block in Item (1), when the order of 
a newly-designed product is received, the logic design, 
mask/reticle design, and test data creation of the product 
are controlled simultaneously. As output, the source data 
for creating masks/reticles is transferred to Block (2) and 
the release registration is made in Block (3). 


In the mask/reticle production/location control block, in 
Item (2), masks/reticles are manufactured according to 
the instruction from Block (1) and location control is 
performed for all masks/reticles. The location control is 
performed by storing all masks/reticles in the automatic 
stocker controlled by the Mask Production Department, 
and only the masks/reticies issued according to the 
mask/reticle use schedule in Block (3) are transferred to 
the production line. Because all unnecessary masks/ 
reticles are stored in the automatic stocker, it becomes 
possible to supply high quality masks/reticles on a just- 
in-time basis whenever needed. After completion of 
exposure, the masks/reticles used are withdrawn to the 
automatic stocker immediately. 


The input determination/move control block in Item (3) 
creates a metallization order when an order of a product 
is received, organizes metallization lots from the diffu- 
sion lot, and instructs the production line to input the 
metallization lots. At this time, the production line is 
kept to an appropriate process state by setting an appro- 
priate input amount considering the factory production 
capacity and the load rate of the products to be input 
against the factory. Small-amount products to be pro- 
cessed in the same process flow are grouped together 
according to a certain rule to prevent the lowering of 
production efficiency. Thus, Block (3) gives instructions 
so that the load to the production line is minimized. 


For the products entered to the production line, the 
progress control is performed according to the process 
move information collected from the process move input 
terminal installed in each process in the production line. 


By predicting the progress of the products which will 
pass the photo process from the process progress infor- 
mation and the process standard cycle time, Block (3) 
notifies Block (2) of the mask/reticle use scheduie to 
accomplish the just-in-time supply of masks/reticles. 


2-2 Real time dispatch system 


Since the customer, quantity, and delivery are set for 
each product in the production of ASICs, many products 
of different processing conditions and delivery are being 
processed in each process stage in the production line. 
Under these circumstances, it is very difficult for oper- 
ators to perform operations with individual dates of 
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delivery in mind. When considering only the processing 
efficiency, the most efficient method is to process the 
products of the same processing conditions collectively 
and continuously. With this method, however, not only 
is it impossible to process products so that individual 
dates of delivery are met, but also an imbalance of work 
in process in the entire production line is caused, 
resulting in the planned production not being secured. 


To this problem, we introduced the real time dispatch 
system. This system instructs the priority of operation in the 
process stage to the operator based on the date of delivery 
and the state of progress for each product. By performing 
the product progress control based on the date of delivery 
and by reflecting the process target amount of each process 
condition in the priority of operation, p!anarizing the quan- 
tity of products in each process stage can be accomplished. 


The real time dispatch system receives the progress data, the 
date of delivery, and the planned date of completion 
(remaining cycle time is added to the progress data at 
present) of each product from the above mentioned input 
determination/move control block (3), creates a list (dis- 
patch list) in the descending order of the degree of delay 
based on the data, and then indicates the change of work in 
process for each process stage on a real time basis. 


Since the operator processes the products in the order of 
the degree of delay according to the dispatch list, the 
quantity of products in the entire production line 
becomes uniform with this progress control. 


If it is used as it is, however, the procedure may be changed 
frequently due to the change of conditions and the efficiency 
may be lowered since the order of process is determined 
based only on the degree of delay in the dispatch list. To 
solve this problem, we take the following measures: a list is 
created for each product of the same processing condition 
from the dispatch list, continuous processing according to 
the order of delay within the list is allowed to some extent, 
and the processing target amount for each process is created 
based on the production plan and it is reflected in the 
dispatch list. With the above measures, it has become 
possible to perform the progress control based on the date of 
delivery, as well as to maintain the processing efficiency and 
to accomplish the planarizing of processing. 


2-3 Automation in the photo process 


In the many-kinds small-amount production, since prod- 
ucts of different dates of delivery, processing conditions, 
and quantities are being processed in the same process 
stage at random, the procedure is changed frequently due 
to the change of conditions, causing the lowering of the 
production efficiency in terms of equipment operation. 
To solve this problem, small-amount products are 
grouped together based on a certain rule at the time of 
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lot-input, and products are put into the carrier in full- 
charge conditions as much as possible. 


Because a certain amount of processing efficiency can be 
obtained if products are processed in units of carriers, 
rather than in units of products, a scale merit can be 
secured to some extent even if the number of small- 
amount products increases. In the photo process, how- 
ever, the procedure must be changed according to the 
units of reticles changed because reticles dedicated are 
different from customer to customer. For this reason, the 
scale merit by grouping could not be obtained. 


Therefore, in the photo process, the reticle to be used, 
processing condition, and the number of wafers to be exposed 
are registered to the controller connected to the stepper for 
each carrier as a set. By making the system exchange reticles 
in sequence automatically, operation is automated so that the 
same scale merit as other processes can be obtained. In 
addition, by matching the product and the reticle used in the 
above mentioned mask/reticle location control block (2), 
reticles can be issued from the automatic stocker by product 
IDs instead of reticle IDs, the synchronization of the product 
and the reticle used 1s facilitated. Because the product and the 
reticle used are prepared simultaneously at the time of 
exposure, the automatic reticle exchange system can exert its 
capability to the full. 


3. Conclusion 


ASICs are typical products of many-kinds small-amount 
production. Because of the difference of customers, 
quantity, and delivery together with the characteristics 
of ASICs themselves, enormous amounts of control 
items are required in the production line. Controlling 
these items only by manpower is almost impossible. To 
solve this problem, Fujitsu has introduced integrated 
production support systems. By accomplishing the fol- 
lowing targets focusing on the metallization process, we 
have succeeded in increasing productivity significantly 
and in improving the accuracy of cycle time. 


(1) Stable product progress by accomplishing just- 
in-time supply of masks/reticles. 


(2) Improvement of product progress, accuracy and 
establishment of planarized work in process using a 
dispatch list 


(3) Proper input planning based on the factory produc- 
tion capacity and the reduction of small-amount 
input lots by grouping 


(4) Maintenance of processing efficiency due to the 
automatic operation in the photo process 


In the future, we will further improve the accuracy of the 
product completion date (remaining cycle time is added to 
the progress data at present) for each product by using the 
simulation technology so that the date of delivery requested 
by the customer can be met as much as possible and the data 
can be disclosed to the Sales Department. 








This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 











16 


CIMs for Cost Effective Manufacturing 


43070112E Tokyo GLOBAL PARTNERSHIP ISSM '94 
in English Jun 94 pp 49-52 


[Article by Osamu Matsuoka, Semiconductor Group 
Information Systems Center, NEC Corporation, 1120, 
Shimokuzawa, Sagamihara, Kanagawa 229, Japan] 


{[FBIS Transcribed Text] The semiconductor business 
moves ahead with a large scale, a globalization and an 
acceleration of business speed by a shortening life of the 
products. The aim of the latest CIMs is not only to 
improve the productivity of the factories by automation, 
but also to realize the higher efficiency and customer 
satisfaction (CS) by means of the total optimization from 
design through sales. The details of CIMs at NEC are 
described with some examples. 


Introduction 


Recently, in economically advanced countries, business 
styles are forced to adapt from a high and continuous 
growth of sales to a low and steady growth under heavy 
competition. These fundamental changes are also the 
case for the manufacturing industry. Therefore, these 
changes cause a big influence on the semiconductor 
business. 


In the high growth era, for example, overproduction 
either intentionally or by mis-estimation did not cause 
loss of profit by repeat order or economy growth. How- 
ever, the traditional manufacturing way can generate a 
lot of waste and affect CS by not keeping delivery in a 
low growth era. Among those which contribute to the 
above change, the major factors can be attributed to an 
acceleration of business speed by a shortening life of the 
customer’s products and a globalization of the business 
for corresponding to the business speed, trade friction, 
trade barriers and cost-down. In other words, the success 
of semiconductor manufacturing in the future depends 
on the adaptability to the acceleration of the business 
speed and a business globalization. 


Therefore, the end has come for the age in which the 
pursuit of the factory’s productivity brought good per- 
formance of the total business. From now on good 
performances are brought by organizing well-balanced 
business of all phases from design through production, 
logistics and sales. It is obvious that the CIMs which is 
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closely related to business has to contribute to the 
realization of cost effective manufacturing with the 
information system and the networking connected to the 
total corporate system. 


Here, the working CIMs which are contributing to man- 
ufacturing products to meet the customers’ needs, is 
described with the examples of “Semiconductor Total 
Information Systems” at NEC. 


Background of the Business 


From the beginning, in NEC semiconductor business, 
the responsibilities are divided into each function, e.g. 
sales is for the branch office or the agency and produc- 
tion is for the subsidiary companies. NEC’s current 
domestic bases of manufacturing is shown in Figure 1. 
Also, NEC has one management policy, “It manufac- 
tures and sells near the customer’ and has extended 
business to the overseas market since the seventies. As a 
result, NEC has many sales bases (including design 
centers) and manufacturing subsidiaries as shown in 
Figure 2. 


© Production (© Wafer Fab.) 





Figure 1. NEC Domestic Subsidiaries forSemiconductor 
Production 
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Production (O Wafer Fab.) 
Sales 


Figure 2. NEC Overseas Subsidiaries for Semiconductor Business 





The semiconductor products cover almost all items and 
the SBU ratio of the products is shown in Figure 3. The 
total shipment is about $7,000M per year. 
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Figure 3. World-wide SBU Percentage of NEC Semi- 
conductor Sales in FY 1992 





The Construction of the “Semiconductor Total 
Information Systems” 


It is understood that an optimization of factories does 
not bring the growth of the whole business any more. 


Since the middle of 1980, in order to keep the business 
process optimization over the whole business phases, the 
semiconductor total information systems, shown in 
Figure 4, have been constructed with the above concept, 
to provide information systems for each business phase 
and to connect these by a network. 
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Figure 4. Configuration of “Semiconductor Total Infor- 
mation Systems” for NEC Semiconductor Group CIMs 





This system consists «* the following subsystems: “Engi- 
neering Information System” managing design and pro- 
duction recipe, “Production Control System” control- 
ling equipment with online control and managing a 
production plan and order, “Sales System,” “Logistics 
System” managing a products movement between the 
factories or from the factories to the sales branch and the 
agency, “Production & Sales Integrated Database 
System” enabling an overview of all information con- 
cerning marketing, production order, products stock, 
production status, delivery, logistics. These systems are 
also connected by the worldwide network system as 
shown in Figure 5. 
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Figure 5. NEC Semiconductor Group Network System 





Then the detail of a production status system based on 
the above database system is explained below. The 
products stock, delivery, shipping and logistics data 
concerning every lot, or every customer’s order in the 
case of custom products are sent to the system every two 
hours. These gathered data are organized in that data- 
base with the sales information and are made available 
with every product and customer. All users can share the 
simultaneous and unified information with anyone with 
authorized access, at anywhere and at any time, 
including overseas. For instance, when a salesman nego- 
tiates a delivery change with the plant manager or 
request expedited delivery, each of them can see the 
same screen image and communicate with each other. 
This enables the salesman to talk to his customer with 
back up information. 


The system having these functions is inevitable for 
business. 


The Future Plan of Production Systems 


Especially in the wafer fabrication line, the target has 
been almost achieved by production systems which 
positively introduced automation, e.g. online controlled 
equipment to eliminate the misoperation. There is still 
some non-automated equipment because of cost or tech- 
nical difficulties. These will be automated in the future. 


There are two important factors for the factory, one is to 
get the maximum efficiency of the resources in order to 
minimize the cost, the other is to improve the CS as the 
delivery observance and the quality assurance. However, 
under present conditions only humans can balance these 
two factors. 


Accordingly, the main theme of the production system is 
how to improve the “Human Support System.” To 

ealize this theme, the “Human Support Technology” 
needs to be created. Therefore, the progress of software 
technologies, such as Al, simulation, GUI, and hardware 
technologies, downsizing of computer, are strongly 


expected. 


As one instance of the “Human Support System,” the 
“Planning Support System for the Production Plan” is 
described. This system is effectively utilized in factories 
to inspect the human-made plan. Figure 6 shows the 
block-diagram of this system running on a workstation. 
Figure 7 shows an example of a simulation result of the 
WIP trend from a snapshot of an actual plan for a period 
of one month about each equipment group. 


By operating this tool, good results as a reduction of the 
WIP and the improvement of the lead time were achieved. 
Furthermore, the system has given a good estimate of 
equipment throughput versus production plan, and con- 
tributed to maximize results from investment. 


Conclusion 


As long as a present low growth economy continues, the 
end has come to the age in which the pursuit of the 
factory’s productivity brought good performance to the 
total business. 


Therefore, when the CIMs concept, in general, is inves- 
tigated, it should be defined first, not in the production 
area only, but in the wide domain including design 
through sales. Secondly, it should support cost- 
performance of the total business and should lead to the 
end user CS. 
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Figure 6. PLAN-STAGE System Components 














Figure 7. WIP Queue Trend Chart Output from PLAN- 
STAGE 





The CIMs for the factory should contribute not only to 
the productivity by automation, but should support the 
CS by keeping delivery and the accurate delivery com- 
mitment. 


The “Human Support System” should back up the 
widened concept of the CIMs. 


The CIMs at NEC is described with examples from 
“Semiconductor Total Information System”. 


Reference 
1) Nikkei Microdevices, pp 24-49 (1994.5). 


CIM Systems in an Advanced Semiconductor 
Factory 


43070112F Tokyo GLOBAL PARTNERSHIP ISSM '94 
in English Jun 94 pp 53-56 


[Article by Kenji Shibata, OITA Works, Toshiba Corpo- 
ration, 3500 Matsuoka, Oita City, Oita Pref., 870-01 
Japan] 


{[FBIS Transcribed Text] The policies of CIM systems 
development and delivery in an advanced semicon- 
ductor factory are described, establishing a methodology 
for efficient production of a variety of devices. The 
implementation of CIM systems is expected to enhance 
total productivity in process and device engineering 
technology, wafer fabrication technology, and equip- 
ment efficiency. A dispatcher has been developed, and is 
presently evaluating the performance of WIP lot move- 
ments using production-line data. Production-line anal- 
ysis tools are introduced and successfully utilized in 
quantitative analysis. A statistical fine control system 
(SFINCS) is developed to carry out process parameter 
optimization for the following lot. An expert system for 
fail-bit discrimination is developed. Detailed, accurate, 
and rapid pattern discrimination of fail-bit data is 
achieved. 


1. Introduction 


The increasing complexity, density, and performance of 
next-generation semiconductor devices is leading to a lot 
of extra process steps, processes requiring more precise 
control, demand for a greater variety of higher perfor- 
mance equipment, and a need for improved levels of 
particle control. This will require a vast investment in 
new semiconductor production plants and manufac- 
turing equipment, facilities, and utilities. To succeed in 
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the semiconductor business, many improvements are 
needed in traditional manufacturing technologies and 
also in new, novel technologies. Against this background, 
the significance of CIM systems in manufacturing tech- 
nology has been increasing for several years. The imple- 
mentation of CIM systems is expected to enhance total 
productivity in process and device engineering tech- 
nology, wafer fabrication technology, equipment effi- 
ciency, and so on. This will consequently bring about 
increased product throughput, reduced delivery times, 
labor savings, improved MTBF and MTTR, and rapid 
improvement of device test yields. 


This paper describes the policies and framework of CIM 
systems development for an advanced semiconductor 
factory, and implementation of several major CIM func- 
tions, which have contributed to enhanced manufac- 
turing technology efficiency at the Oita Works. 


2. Policies of CIM System Development 


It is necessary to promote total productivity improvement. 
Many innovations in process, device, and equipment tech- 
nologies are prerequisite to this. The development and 
delivery of CIM systems would establish a methodology 
for efficient production of many types of devices, so this is 
the final goal of total productivity improvement. The 
major activities of CIM systems being proposed and cur- 
rently implemented are as follows: 


1. Production control in wafer fabrication 
2. Assistance with device yield improvement 


3. Implementation of efficient computing environments 


3. The Implementation of CIM Systems 
3-1 Data Management 


Most equipment and inspection tools used in wafer 
fabrication are connected to the CIM system network 
through the equipment management computer. A 
common communications interface is provided between 
equipment and computers for data uploading and recipe 
downloading. Inspection tools, however, are connected 
to the network via protocol translators. Three types of 
data are gathered in CIM systems. The first one is lot 
tracking data for WIP (Work In Progress), which is 
required for product control. The second is wafer pro- 
cessing results for process engineering and control. 
Finally, there is data related to equipment status, such as 
the actual process values and alarm events during oper- 
ation. These data are utilized for equipment manage- 
ment and improvement. All data are stored on disk in 
the form of a relational database. 


3-2 Production Control in Wafer Fabrication 


In semiconductor wafer fabrication, it is necessary to 
dynamically control the variety of products. Scheduling 
and production control in CIM systems is currently one 
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of the great issues of concern in manufacturing tech- 
nology. It is clear that a certain improvement in produc- 
tion efficiency can be expected by applying such systems 
to both manual and automated wafer-fabrication lines. 


CIM systems can integrate the simulator, scheduler, and 
dispatcher. The simulator provides fabrication-line con- 
figurations. The scheduler controls the release of wafers 
into wafer fabrication and production processing sched- 
uling, and also predicts the completion date. The dis- 
patcher controls the dispatch of lot movements for WIP. 
Three types of dispatcher with different knowledge bases 
are needed in the bottle-neck, batch, and First-In First- 
Out (FIFO) production work-areas. In headquarters and 
R&D divisions, simulator, scheduler, and dispatcher 
development is mainly performed following a top-down 
policy, however, our effort at the Oita works focuses on 
the development of dispatchers following a bottom-up 
policy based on production-line requirements. 


Development of dispatchers has been proceeding con- 
currently at the Oita works and at one of Toshiba's R&D 
divisions, and there is a high degree of communication 
and cooperation between the two. The R&D division's 
dispatcher has been developed, and is now being evalu- 
ated for performance in analyzing data gathered at the 
Oita works. The dispatcher’s knowledge base contains 
information on scheduling results, delivery times, pro- 
cess step flow, production equipment status, and WIP. 
In addition, its knowledge base contains heuristic rules 
for minimum WIP cycle time based on choosing urgent 
lots as equipment becomes available. 


In contrast, the dispatcher being developed at the Oita 
works has been divided into three stages. Figure | 
demonstrates the three stages of development. In the 
first stage, application software consisting of production 
line analysis tools was introduced and successfully uti- 
lized in the quantitative analysis of production-line 
problems in wafer fabrication. The results of this anal- 
ysis are an evaluation of performance, and a diagnosis of 
production-line problems. The results yield the queue- 
length at the bottle-neck process. 
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Figure 1. Three Stages of Dispatcher Development 





Now, in the second stage, we are focusing on intelligent 
assistant tools for manual WIP dispatching. The num- 
bers of scheduled products to be processed on a partic- 
ular day, previously processed products up to the 
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present, and inventories of products at this time are 
shown on the dispatcher display. This assists the oper- 
ator in the time-consuming task of keeping track of WIP. 
The dispatcher reduces excessive wait-times, extended 
idle periods, machine down-times, and delays which 
occur when no operator is present. 


In the third stage, development will continue on an 
automated WIP dispatcher. By gathering logging data 
during manual WIP dispatching, quantitative analysis 
can be performed. The dispatcher will then be improved 
through interpreting and analyzing the performance and 
algorithms of the second-stage dispatcher. 


3-3 Assistance With Device Yield Improvement 


In sub-micron devices, the approach to 100 percent 
function test yields is blocked by certain limi.ations: 
scarce process and device design allowances, inadequate 
equipment performance and reliability, and contami- 
nating particles in equipment and the environment. To 
overcome these problems and attain rapid yield 
improvement, it is important to utilize computer sys- 
tems which help with device failure analysis and the 
monitoring and contro! of processes and equipment. 


Such computer systems usually serve as line-monitors 
for statistical process control (SPC). The key parame- 
ters—such as the critical dimensions of length, hole size, 
and film thickness—and data on particle contamination 
are automatically gathered and used to maintain the 
process and equipment quality within control limits. 
Daily, weekly, and monthly trend charts are automati- 
cally provided by the computer system to engineers or 
operators, allowing them to detect changes or problems 
on the production-line. 


In the lithography work area, critical dimension control 
and precise adjustment of mask alignment is required. 
Critical dimersions—especially gate length, which 
affects device yield and function speed—are changed by 
exposure time only with other exposure parameters 
invariant. A statistical fine control system (SFINCS) has 
been developed to implement this. It carries out process 
parameter optimization for the following lot. Figure 2 is 
a diagram of SFINCS. The wafer processing data (expo- 
sure time and mask alignment adjustment parameters) 
during operation are gathered from the equipment (step- 
per) by the process-monitoring computer. Critical 
dimensions and alignment deviations are measured by 
inspection tools, and these data are gathered by the same 
system. A statistical calculation for optimization is car- 
ried out by the process-optimizing EWS by inputting 
several lots of previously processed and measured data 
into an experimental equation. A corrected recipe is 
generated with optimized exposure parameters, and 
downloaded to the stepper through the equipment man- 
agement computer. 


At a higher level, the computer systems are also capable 
of carrying out statistical engineering failure analysis on 
devices. In general, lot tracking data (date and time, lot 





21 








OPTIMiZiINne MONITORING 




















> Expenmental Equation (4 + Out of Bounds 

- Statistical Calculation - Data Trend 
Opt ire:z od Processing Measured 
Parameters OATA DATA 








EQUIPMENT 
MANAGEMENT 


ore ||" 


























Figure 2. Diagram of SFINCS 





ID, process ID, equipment ID, etc.) and wafer function 
test yield data are used to compare low yield lots with 
high yield lots. Computer-assisted analysis allows the 
rapid evaluation of a large volume of data, and leads to 
rapid detection of the causes of reduced yields. 


Computer systems offer many advantages, but it is not 
easy to determine failure causes rapidly using only wafer 
fabrication process data—such as quality control data 
from the processes and equipment, lot tracking data, and 
test yield data. Another key element of failure analysis is 
data on device electrical faults. Typical electrical fault 
data which may prove effective is failure category and 
fail-bit data in the wafer function test process, since this 
can identify the failed chip location and failed bit 
location in the wafer mapping image and in the bit 
mapping image, respectively. 


It is obviously useful for identification of failure to 
analyze the correlation between electrical fault data and 
wafer fabrication process data. In particular, we can 
associate not only the physical location but also the layer 
with individual fail-bit data. However, pattern discrim- 
ination of individual fail-bit data takes a long time. 
Expert engineers are restrained by the tremendously long 
time it takes to discriminate fail-bit data into individual 
patterns for each wafer, and this is an obstacle to 
utilizing fail-bit data in failure analysis. 


To overcome this, an expert system using a knowledge 
base has been developed. Figure 3 shows the framework 
of this expert system. Failed bits are measured using a 
tester during the wafer testing process. The data are 
transmitted to the data server, a minicomputer. The 
fail-bit discriminator, operating on an EWS, provides 
the results of fail-bit pattern discrimination; and those 
are stored in the same data server. Detailed, accurate, 
and rapid pattern discrimination can be achieved. We 
are able to divide the fail-bit data into 6 to 187 patterns, 
and it takes less than one hour per wafer using the new 
expert system on an EWS. 


The results of fail-bit analysis are summarized and stored 
in the same server, as shown in Figure 3. A direct correla- 
tion between fail-bit data and failure category can be 
performed easily on an EWS dedicated to failure analysis. 
Moreover, direct correlation of fail-bit data with physical 
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defect data obtained by an optical microscope, a SEM, or 
a pattern recognition inspection tool can be performed by 
using the integrated failure analysis system. The quick 
analysis and evaluation made possible by this CIM system 
leads to quick elimination of physical causes of reduced 
yield and rapid ramping of the test yield. 


3-4 Efficient Computing Environment 


The requirements for CIM systems are not —learly defined 
at the initial stage of system development. Only a detailed 
analysis of requirements based on the objectives will 
derive the required specifications. The construction of 
prototypes and numerous demonstrations is helpful for 
decisions regarding algorithms and the user interface. As 
the system can be expected to extend beyond its primary 
functions with time, the system architecture has to be 
designed to accommodate further development objectives 
at any time. 


We have focused on the construction of a flexible, distrib- 
uted CIM system concept and framework with applica- 
tions running on client-server architecture. This offers 
generic facilities which are globally available, such as 
minicomputers for the storage of the relational database 
management system, the TCP/IP communications pro- 
tocol, EWSs for individual objectives and functions, and 
personal computers (PCs). A rich package of software 
services and the Windows graphical user interface are 
provided on PCs, forming a user-friendly development 
environment for applications. 


4. Summary 


The policies of CIM systems development and delivery in 
an advanced semiconductor factory are described, estab- 
lishing a methodology for efficient production of a variety of 
devices. The implementation of CIM systems is expected to 
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enhance total productivity in process and device engi- 
neering technology, wafer fabrication technology, and 
equipment efficiency. A dispatcher has been developed, and 
is currently evaluating the performance of WIP lot move- 
ments using production-line data. Production-line analysis 
tools are introduced and successfully utilized in quantitative 
analysis. A statistical fine control system (SFINCS) is devel- 
oped to carry out process parameter optimization for the 
following lot. An expert system for fail-bit discrimination is 
developed. Detailed, accurate, and rapid pattern discrimi- 
nation of fail-bit data is achieved. 


Process and Device Innovations Based on Ultra 
Clean Technology 


43070112G Tokyo GLOBAL PARTNERSHIP ISSM '94 
in English Jun 94 pp 75-80 


{Article by Tadahiro Ohmi, Department of Electronic 
Engineering, Faculty of Engineering, Tohoku University, 
Aza-Aoba, Aramaki, Aoba-ku, Sendai 980-77, Japan] 


[FBIS Transcribed Text] The simultaneous fulfillment of 
three principles, viz. ultraclean wafer surface, ultraclean 
processing environment and perfect process-parameter 
control is the key to high-performance processes for fabri- 
cating advanced subhalf-micron and subquarter-micron 
ULSI devices. The importance of this ultraclean pro- 
cessing concept has been demonstrated by the experi- 
mental results of low-temperature silicon epitaxy by the 
low-kinetic-energy Ar ion bombardment. As a result of 
optimizing pertinent process parameters under ultraciean 
conditions, high-crystallinity silicon epitaxial layers have 
been successfully grown at temperatures as low as 250°C 
with accompanying simultaneous doping. Advanced 
copper metallization for large-current driving interconnect 
has also been established. Giant-grain copper thin films 
also formed by low-kinetic-energy Ar ion bombardment 
and succeeding thermal anneal in N, exhibit very low 
resistivity as well as excellent reliability against electromi- 
gration and stress migration failures. Employment of 
native and chemical-oxide-free-processing allows us to 
form ideal metal to silicon contacts having a very low 
contact resistance, i.c., 10° Q x cm? for TaSi,/n’Si and 
TaSi,/p’Si contact, which is applied to anti-fuse tech- 
nology, i.e., metal/amorphous Si/metal structure where the 
resistance is changed from several gigaohm to several tenth 
ohm after electric current flow write-in procedure. Ultra- 
clean oxidation, which is characterized by hydrogen- 
radical-balanced, carbon-contamination-free and surface- 
microroughness-free oxidation, has been confirmed to 
form high-quality very thin oxide films ranging from 5 to 
10 nm with complete uniformity and very strong resistance 
for electron injection. A low-temperature annealing ion 
implantation at 450°C mak ¢s practical a metal gate self- 
aligned MOS LSI, which is crucial for high-speed CMOS 
having high current driving capability. All of these 
advanced process technologies, realized for the first time 
by ultraclean processing, have made it possible to establish 
total low-temperature processing, such as gate oxidation at 
450°C, implanted region anneal at 450°C and single crystal 
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silicon epitaxy at 300°C which is most essential for high- 
performance subhalf-micron and subquarter-micron 
ULSI. Oxide layer free metal to silicon and metal to metal 
film deposition is completely available in ultraclean pro- 
cesses, so that field programme Ve anti-fuse technology is 
completely available by current drive silicidation as well as 
metal to silicon and metal to metal contact having very !ow 
contact resistance. 


1. Introduction 


The guiding principles for the development of high- 
performance deep subhalf-micron and subquarter-micron ULSI 
devices is to increase functions that can be handled in a unit 
area of the device and to enhance the speed performance of the 
device as well, while maintaining high reliability. 


As many as 10 million to 100 million active devices ave to be 
integrated on a single chip. A huge number of transistors 
and interconnects on a wafer must behave exactly as they 
are designed, and such an accurate control in manufacturing 
must be kept from wafers, lots to lots during a long period of 
production operation. Perfect uniformity and perfect repro- 
ducibility must be guaranteed for deep subhalf-micron 
wafer manufacturing lines, where the production cost must 
be maintained at a reasonable level. 


All of these requirements to realize highly reliable and high- 
performance deep subhalf-micron ULSI devices are fulfilled 
by an introduction of total low-temperature processing, new 
materials such as high permittivity insulators and low- 
resistivity interconnects exhibiting strong resistance for elec- 
tromigration and stress migration, and simplified device 
structures by an introduction of Neuron MOS transistor 
[1-10]. Neuron MOS is recognized as a four-terminal device 
compared with transistors, i.e., a three-terminal device. Drain 
current to gate voltage characteristic is determined in a 
unique manner, i.e., fixed threshold voltage device in three- 
terminal device, while the current to voltage characteristic is 
flexibly controlled by fourth terminal input voltage, i.e., 
flexibly controlled threshold voltage device in four-terminal 
device. Thus, four-terminal device is suitably implemented 
into intelligent ULSI operating in Binary-Multivalued- 
Analog data processing while three-terminal device is well- 
known matched only to Binary Digital processing LSI. Four- 
terminal device ULSI is characterized by flexible, real-time 
programmable and intelligent operations. 


Ultraclean technology [11,12], that has been developed exten- 
sively under the leadership of Tohoku University, has made it 
possible for very accurate semiconductor device fabrication. 
Ultraclean technology has been developed in order to estab- 
lish high-performance processes for realizing ultrahigh- 
density integration of ultimate-small-dimension ultrahigh- 
speed devices in very accurate fabrication manner. 


The purpose of this paper is to discuss the process and 
device innovations based on the ultraclean processing con- 
cept and to present several remarkable achievements in the 
process and device technologies. It is shown that the cre- 
ation of an ultraclean wafer surface in combination with a 
low-kinetic-energy particle process is a key to establish 





low-temperature processing technologies to form high- 
quality thin films having ideal interface characteristics. In 
this paper, the formation of metal/silicon contacts having 
very low contact resistance will be discussed which is crucial 
for very high speed ULSI having very small area contact. 
Identical oxide-layer-free metal-silicon contact technology 
has been applied to excellent anti-fuse technology such as 
Ta/a-Si/Ta structure, where the resistance is changed from 
several gigaohm to several tenth ohm by current drive 
silicidation. All of these technologies are quite essential in 
fabricating high-performance deep subhalf-micron ULSI. 


2. Future Perspective 


Over these three decades, microelectronics have progressed 
based on an integration of binary digital algorithm and 
three-terminal devices such as MOS transistor or bipolar 
transistor, resulting in Von Neumann computing system 
characterized by sequential logic processing. This computing 
system is excellent for accurate and rigid signal processing, 
but not for flexibility, intelligence and real time signa! pro- 
cessing. Conventional and current electronic systems demand 
much training for humans to handle them completely. In the 
21st century, however, electronic systems have to be required 
to approach humans, so that they must inevitably include 
flexibility and intelligence in their capability. 


The brain of a human has been considered to consist of 10'° 
order neurons as well as 10'’-10'* order synapses. On the 
other hand, a few thousand neurons are implemented into 
single silicon chip on wafer by using current 0.5um design 
rule technology. 10’ time enhancement in function capa- 
bility is required to develop human intelligence systems as 
shown in Figure |. This technology gap will be overcome by 
an introduction of binary-multiplevalued-analog merged 
LSI instead of pure binary digital LSI, fully-parallel soft- 
in-hard architecture, new concept device (four terminal- 
device) and ultra high speed device (metal-substrate metal- 
gate high-permittivity gate insulator SOI CMOS LSI). Thus, 
dramatic innovations in materials and processes are 
essentially required to develop all these technologies. 
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Figure 1. Strategy for Integrating Human Intelligence 
Systems on Silicon 
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Bi-CMOS configuration is mainstream in microproces- 
sors in the 1990s, as shown in Figure 2, where bipolar 
transistors are used to obtain higher current drivability. 
Thus, ULSI device structure becomes complicated, 
resulting in an increase of process steps. In the future, 
minimized MOS transistor will exhibit superior current 
drivability compared to that of Si hetero-bipolar tran- 
sistor where high permittivity gate insulator is intro- 
duced, such as Ta,O,, as shown in Figure 2. In Figure 2, 
MOS transistor having Ta,O, gate insulator of 5 nm 
thickness exhibits higher current drivability by a factor 
of seven compared to Si hetero-bipolar transistor even at 
a quarter-micron age. Current drivability of MOS tran- 
sistor will be continuously improved with a decrease of 
device dimension while that of the bipolar transistor is 
maintained at about the same level. In the 21st century, 
therefore, full CMOS circuit configuration will become 
mainstream even in high speed microprocessors. In 
order to establish ultra high speed microprocessors such 
as 10 GHz clock rate, furthermore, metal substrate and 
metal gate SOI CMOS must be developed, as shown in 
Figure 3. Pulse voltage with a duration of 0.1! nsec can 
not propagate along with the interconnect up to Imm, if 
there remains semiconductor substrate, as shown in 
Figure 4. The skin depth (2/wpo)'” of electromagnetic 
wave constituting voltage pulse becomes smaller than 
the semiconductor substrate thickness, where the elec- 
tromagnetic wave, i.e., high speed pulse tends to atten- 
uate rapidly along with interconnect. Thus, an introduc- 
tion of metal sulstrate is inevitably essential to high 
speed operation around 10 GHz clock rate as shown in 
Figure 4, resulting in an introduction of new structure 
ULSI, i.e., metal substrate SOI, metal gate and high 
permittivity gate insulator CMOS for very high speed 
microprocessors. 
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Figure 3. Schematic of Metal-Substrate SOI, High 
Permittivity Gate Insulator CMOS LSI 
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Scaling down of device dimensions inevitably accompany 
a decrease of signal voltage in order to eliminate the 
breakdown difficulty, while thermal noise voltage main- 
tains at its same level (26 mV, room temperature). As 
signal voltage approaches to the thermal noise voltage, 
system error rate gradually increases. In case of the total 
system error rate less than 3 x 10°'?, the system having 10 
GHz clock operation exhibits perfect reliability during 10 
years. Signal voltage must be kept at a certain level much 
greater than the thermal noise voltage even in an ulti- 
mately small geometry device such as 0.01 ym in order to 
maintain huge system reliability. Large breakdown field 
intensity semiconductor, i.e., wider bandgap semicon- 
ductor, must be introduced at an era of post-silicon, i.e., 
diamond ULSI as shown in Figure 5. Material and process 
innovations must be promoted enthusiastically from now 
on in order to establish real worid computing system or 
human intelligent system. 
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Figure 5. Necessity of Wide Bandgap Semiconductor 





3. Silicon-Capsulated Silicidation Technology for Low 
Contact-Resistance Metallization 


A novel low-contact resistance metallization process has 
been developed employing Ta silicidation of n*-Si and 
p*-Si contact surface by ion beam mixing for CMOS 
circuit. The as-deposited Ta surface is in-situ encapsulated 
with a very thin Si protection layer in cluster tool system in 
order to prevent the metal surface from being oxidized. As 
a result, completely native-oxide-free contact metallization 
has been established. 


As semiconductor devices are scaled down to subquarter- 
micron regime, the contact resistance increases with the 
shrinkage of the contact window size. In order to achieve a 
high speed performance of scaled-down devices, lowering 
the contact resistance is most essential to keep the high 
current drivability free from current drivability degrada- 
tion due to negative feedback effect through series resis- 
tance of source electrode. The low metal to silicon contact 
resistance is established by simultaneously satisfying the 
following three conditions, such as (1) oxide layer free 
metallization, (2) minimum metal to silicon Schottky 
barrier height i.e., same contact metal in CMOS configu- 
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ration resulting in is bandgap, and (3) minimum depletion 
layer width just at the metal to silicon interface, .e., 
maximum carrier concentration at the metal to silicon 
interface for highest probability of electron and hole tun- 
neling. Typical metal to silicon and silicide to silicon 
Schottky barrier height are tabulated in Table I. It is seen 
from the standpoint of lower Schottky barrier height in 
Tabie I that TaSi, is the most promising material for lower 
contact resistance in CMOS circuit. 


o5,, Day 
Ppa = $s. = ”e, where €, 


BARRIER HEIGHTS of METAL / Si CONTACT 























Metal on Si Silicide on Si 
Ta | Ti | W | TaSiol TiSiz| WSia! 
yaieV) |0.558 0.551) 0.67 | 0.561 | 0.60 | 0.65 
®,,(2V) | 0.581 |0.607) 0.45 | 0.570 0.56 | 0.48 | 
Poe s Ooo | 1.139 |1.158| 1.12 | 1.131, 1.16 | 1.13 

















Table I. Schottky Barrier Heights of Metal-to-Si and 
Metal Silicide-to-Si Contacts 





The new contact me’ *|lization process is schematically 
illustrated in Figure 6. A Ta film of 10 nm and an undoped 
Si film of 5 nm were consecutively deposited using a UHV 
multi-chamber film formation system. The depositions of 
undoped Si and Ta film were carried out with dual- 
frequency-excitation plasma processing equipment in which 
the energy and flux of ions concurrently bombarding the 
growing film surface are very precisely controlled [13-19]. 
This allows us to form high quality metal films having good 
step coverage and excellent surface smoothness. lon beam 
mixing with As and BF, ions was carried out for n‘ contact 
and p* contact in ultraclean UHV ion implantation system. 
Figure 7 shows that XPS depth profile for an as-deposited 
Si/Ta layer. It is seen in Figure 7 that no oxidation of the Ta 
film occurs. Suppression of oxide layer formation on the 
metal surface has resulted in the low contact resistance of Ta 
silicide on n*-Si and p*-Si contact formed by ion beam 
mixing with Si-capsulation layer followed by thermal 
annealing at 450°C. In this thermal annealing, silicidation 
occurs simultaneously towards upward and downward 
direction, resulting in a realization of very shallow silicide/ 
silicon contact where the stress is reduced drastically. 


By utilizing the advanced contact metallization pro- 
cess, it is clearly seen that extremely low contact 
resistance of metal-to-Si contact has been achieved, as 
shown in Figure 8, where the contact resistance 1s 
plotted after the individual process step. Table I! 
describes the metal to silicon contact resistance for 
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Figure 6. Schematic of the Novel Contact Metallization 
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n*-Si and p*-Si obtained so far. Minimum contact 
resistance is 3.3 x 10° Q x cm? for n*-Si and 7.5 x 10° 
Q x cm? for p*-Si. By improving this processing, the 
contact resistance less than 1 x 10? Q x cm? is 
considered to be possible. The same idea is applied 
for metal to metal contact, where the interconnect 
metal surface is covered by non-dope Si layer to 
suppress the metal surface oxidation, and tungsten 
plug deposition covered by non-dope Si layer is used 
as via-hole filling. In the final thermal anneal or 
sintering, the interlayer non-dope Si is converted to 
WSiz,, i.e., oxide layer free metal to metal contact. 





Table II. The Ta Silicide-to-Si Contact Resistivities for 
n*-Si and p*-Si Formed by the New Contact Metallization 











Process 

Average Minimum 
TaSi2/n*-Si 45x 109 3.3% 109 
TaSi2/p*-Si 98x109 — 7.5% 109 











4. Anti-Fuse Technology 


Oxide layer free metal to silicon contact technology 
has been applied to anti-fuse device of metal/ 
amorphous Si/metal. Practically, oxide layer free Ta/ 
a-Si/Ta device has been fabricated where the thick- 
ness of non-dope a-Si layer ranges from 0.05um to 
0.1 5m. Breakdown field intensity of 1.5 MV/cm has 
been obtained for non-dope amorphous Si from the 
evaluation of current-voltage characteristics. Ta/ 
a-Si/Ta device exhibits several gigaohm which serves 
as a back-to-back Schottky diode so that the resis- 
tance becomes very high. When the write-in voltage, 
greater than a breakdown voltage, is applied to the 
Ta/a-Si/Ta device, there occurs current drive silicida- 
tion within a very short period such as 2 nsec as 
shown in Figure 9, where the write-in current is 
ma/‘ntained at 10 mA. Figure 9 shows that the voltage 
across the Ta/a-Si/Ta device gradually increases in 
this sample due to large RC time constant coming 
from large bonding pad capacitance. When the 
voltage across the device increases up to 10.5V, there 
occurs breakdown to induce current drive silicidation 
within 2 nsec, where a-Si is converted to TaSi,. The 
write-in process of this newly developed anti-fuse 
device is carried out within a very short period, such 
as 2 nsec, compared to that of flash memory ranging 
from 0.1 msec to | msec. 


This anti-fuse technology will make Field Programmable 
ULSI practical such as PLA, FPGA, one-time PROM, 
etc. 
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Figure 7. XPS Depth Profile for the Ta 4f Spectra of the Ta Film Covered With Snm Si Thin Film 
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Figure 8. Contact Resistivities of (a) Ta on *-Si, (b) Ta 
silicide formed by thermal annealing on n*-Si, (c) Ta sili- 

cide utilizing ion beam mixing on n*-Si, (d) Ta silicide -4 
formed by Si capping layer silicidation without ion beam 
mixing on n*-Si, and (e) Ta silicide formed by Si capping 


silicidation using ion beam mixing on n*-Si. The thermal 
annealing to form the Ta silicide was carried out at 450°C 


for five hours. 
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Figure 9. Write-in Procedure of Ta/a-Si/Ta Anti-Fuse 
Device, Where There Occurs Current Drive Silicidation 











This report may contain copyrighted material. Copying and dissemination 
is prohibited without permission of the copyright owners. 














28 


5. Conclusion 


The importance of ultraclean processing in establishing 
advanced process technologies for deep subhalf-micron 
ULSI fabrication has been discussed. The most essential 
requirement is the simultaneous fulfillment of the three 
principles of ultraclean processing concept, i.e., ultra- 
clean wafer surface, ultraclean processing environment, 
and perfect process-parameter control, which is justified 
by total low temperature processes such as low-energy 
ion-assisted 300°C Si epitaxy with simultaneous doping, 
450°C anneal of implanted region due to metallic con- 
tamination free implantation, high-integrity gate oxide 
growth at 450°C by low-energy ion-assisted oxidation, 
and typical advanced processes such as high quality very 
thin oxide film by newly developed hydrogen- 
radical-balanced steam oxidation and succeeding 
annealing, high channel electron mobility through 
atomic-level Si/SiO, interface smoothness, giant grain 
copper interconnect passivated with copper silicide 
having a very strong resistance to migration and silicon- 
capsulated silicidation for very low contact-resistance 
metallization. These low temperature processes and high 
quality processes will drastically improve the process 
accuracy, resulting in making 0.1m design rule ULSI 
microfabrication practically possible. 


The ultraclean processing concept has also been applied 
to field programmable anti-fuse technology, where 
metal/amorphous silicon/metal structure (several 
gigaohm) is converted to metal-silicide-metal structure 
(a few tenth ohm) by current drive silicidation during a 
very short period such as 2 nsec. Field programmable 
ULSI becomes completely available due to this anti-fuse 
technology, resulting in realization of very high density 
memory replacing Compact Disk, Floppy Disk, etc., 
PLA and FPGA 1.e., ASIC having a very quick turn 
around time. 


Microelectronics is now going to enter into a second 
revolutionary stage characterized by flexible and real- 
time programmable human intelligent system in addi- 
tion to an accurate and rigid Von Neumann computing 
system. This flexible and real-time programmable 
human intelligent system will become available by intro- 
ducing new binary-multiple valued-analog merged archi- 
tecture instead of binary digital data processing based on 
scientific semiconductor manufacturing due to ultra- 
clean processing concept. 
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Panel Display Devices 
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[Article by Mikio Katayama, New Process Development 
Project Team, Liquid Crystal (LC) Group, SHARP 
Corp., 2613-1 Ichinomoto-cho, Tenri, Nara 632, Japan] 


[FBIS Transcribed Text] The glass substrate size will be 
expanded to decrease the display cost because the panel 
cost is decided mostly by how many panels can be 
formed in a substrate. It causes some problems in the 
equipment and processes. For example, it needs deposi- 
tion methods with a high uniform deposition rate and 
without particle, the accurate stepping alignment, uni- 
form etching characteristics and so on. So it is important 
to develop the appropriate process on the large-sized 
substrates. The self-alignment technique and dry etching 
process will be discussed in this paper. 


Introduction 


TFT-LCD market size is expected to expand over ¥ 100 
billion in 1996. The TFT-LCD industry is similar to the 
LSI industry. Both LSI and TFT-LCD play important 
roles in many products and both are key devices. LSI is 
called the rice of the industry and LCD is called the 
paper of the industry. Further, both need a big infra- 
structure of production equipment industry and material 
industry. But the history of TFT-LCD industry is very 
short since the mass-production of TFT-LCD started 


only in 1987. In comparison with the LSI industry, 
infra-structure around the TFT-LCD industry is not 
sufficient, because of the rapid growth of the market. On 
the other hand, TFT-LCD process and TFT structure are 
not sufficiently completed to get the low cost LCD 
panels. To continue the growth of the TFT-LCD 
industry, it 1s necessary to cut down costs of TFT-LCDs 
by continuing the technical revolutions. The most 
important point of costdowns is the use of a large-sized 
glass substrate. But there remain many technical subjects 
to expand the glass substrate size. The future manufac- 
turing technology is to solve them. In this paper, the 
technical subjects in using large-sized substrate are dis- 
cussed. And the 17° diagonal TFT-LCD that is the 
largest size at present will also be presented. 


[Glass substrate] 


The glass substrate size will be expanded to decrease the 
display cost because the panel cost is decided mostly by 
how many panels can be formed in a substrate. As the 
glass substrate is made larger, the cost of a TFT-LCD 
panel can be made lower. The glass substrate area has 
been expanded like the silicon wafer size as shown in 
Figure |. In 1994, the substrate size is used from 320mm 
x 400mm to 360mm x 465mm. The larger glass sub- 
strates will be discussed at the next investment. But there 
are several problems when the glass substrates become 
larger. 
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Figure 1. Transition of LSI and TFT Substrate Size 





The first one is the glass handling problem. As the weight 
of the substrate becomes heavy, handling becomes more 
difficult. Because the bend of the substrate is increased, 
it is easy to crash the substrate when handling it hori- 
zontally. Figure 2 shows the simulation results of the 
glass bending when the glass size becomes larger. Though 
thinner substrates are necessary to get lighter panels, 
bending them makes them larger. So the future glass 
material is needed to be lighter, hard to bend and with 
small thermal compaction. 
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20 (a-Si TFT process and a-Si TFT structure) 


Figure 3 schematically shows a cross-sectional view and 
~ top view of the present a-Si TFT. It has an inverted- 
Staggered gate structure. The gate electrode and the gate 

glass thickgess 0.7m bus-line consist of a-Ta. The source/drain electrode and 
. he source bus-line consist of a-Ta and ITO. Gate insulator is 

also double layers of PCVD SiNx and Ta,O, made by 
A anodizing gate metal Ta. The undoped a-Si:H(i), phospho- 

rus-doped micro-crystalline Si:H(yc-n+) and channel pas- 

ot sivation SiNx (etching stopper = ES-SiNx) are deposited by 
glass thickness |.1 mm PCVD method. The size of this etching stopper pattern 

0 ~ ~ fixes the channel length and width of the TFT. The channel 
300 400 500 600 700 passivation pattern was formed by the self-alignment tech- 


glass width (mm) nique so as to reduce the parasitic capacitance (Cgd) 
between gate electrode and drain electrode. 














bend of glass substrate (mm) 
° 








2 J 


Figure 2. The Simulation Results of Glass Bending 





The second one is the uniformity problem. It is more 
difficult to get good uniformity in film thickness, film 
characteristics, sheet resistance, line width and align- 
ment tolerance etc. So it is very important to develop the 
appropriate process and equipment for the large-sized 
substrates as shown in Table 1. 




















Table 1. Subjects and Approaches in Processes and 



















































































Equipment 
Subject Approach gate electrode 
gate insulator(SiNx) ° 
CVD High-throughput High-rate deposition gate insulator(TaOx) 
Particle less Vertical Processin ° 
ene . A Cross Sectional View of the Present TFT 
Self-cieaning hi 
Sputtering High-throughput High-rate deposition etc = 
Particle less Vertical processing c-Si( n+) stopper Uc- si(n +) 
system 
Photo-lithography Uniformity Self-alignment structure ~ ae 
Self-compensatory ) 
structure ¢ 
Wet etching Viscosity of Single panel processing . 
etching liquid system width 
High-resolution Dry etching f , 
Uniformity Dry etching . y 
Dry etching High-throughput Multi-chamber ' ' po —_ 
' 
High-rate etching source —=—_-—rP — 
Handling of sub- Bend Less Vertical holding of panels electrode length , electrode 
—— New substrates with 
lighter and hard gate 
characteristics electrode 
The third one is the film internal stress. As the glass A top view of FT 
bending 1S dependent on both glass property and film Fi 3.C "act ' oe present f rn 
internal stress, it is very important to control the film gure J. Lross CREE SRS TSP ViSw Gr tne Fresen 
stress by deposition methods or conditions. a-Si TFT 
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(Alignment technique) 


Figure 4 shows the exposure area on the glass substrate 
when using stepping aliner. Four sheets of 8.4“ diagonal 
TFT-LCD or a sheet of 17” diagonal TFT-LCD can be 
obtained from a substrate of 320mm x 400mm. One 
sheet of 8.4 diagonal TFT-LCD needs four exposure 
shots and joint lines of exposure area exist at the center 
of the panel. If the tolerance of overlapping each layer is 
large, the joint line is easily observed on the display. 
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Glass substrate 
Figure 4. The Layout of TFT Array on the Glass Substrate 





Cgd 
Cgd+Ccs+Cle 





AV=a( Vgh - Vgi ) 


| 4 V(exposure 1) - 4 V(exposure 2) I< 0.1[V] 


The tolerance of overlapping accuracy can be calculated 
by these equations. The difference of should be made less 


ZV 


than 0.1V so as not to be observed as the joint line. The 
difference of is decided by Cgd that will be changed by 


AV 
overlapping accuracy of ES, pc-Si(n+) and gate electrode. 
Then ES self-alignment technique was adopted. The 
other approaches of self-compensatory structure and n+ 
self-alignment technique by using ion shower doping 
have been developed. 
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Figure 5. The Alignment Tolerance Causes Parasitic 
Capacitance (Cgd) Difference 





(Etching Process) 


There are two etching processes, dry etching and wet 
etching. Suitable processes should be chosen according 
to materials, patterning accuracy or throughput. In the 
case of a large-sized substrate, etching rate uniformity 
and patterning accuracy can be obtained more easily by 
using dry etching processes. So we are patterning the gate 
bus-line and source bus-line by the dry etching method. 
We chose the RIE mode to get a reasonable taper angle. 
(Photo 1) 





Photo 1. Cross-Sectional View of Gate Ta 
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(17 Diagonal TFT LCD) 


17“ diagonal TFT-LCDs for EWS have been developed 
with the latest technique on large-sized substrates. The 
graphic image on this LCD is demonstrated in Photo 2. 





Photo 2. The 17” Diagonal TFT-LCD for EWS 





Summary 


The glass substrate size will be expanded to decrease the 
display cost because the panel cost is decided mostly by 
how many panels can be tonned in a substrate. It causes 
handling problems in production equipment and film 
thickness, film characteristics, sheet resistance, line 
width and alignment tolerance etc. It is very important 
to develop the appropriate process and production 
equipment. 
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Corporate R&D, Tokyo Electron Limited, 2381-1 
Kitagejyo Fujii-cho, Nirasaki-shi, Yamanashi-ken, 407, 
Japan] 


{[FBIS Transcribed Text] When we think about the cost 
and the throughput of the next generation semicon- 
ductor production equipment, first of all, we should 
clarify the specification of the entire next generation 
semiconductor manufacturing line system, that is, man- 
ufacturing ability and amount of the investment. Next, 
we analyze this value and we obtain the cost and the 
throughput of the production equipment used in this line 
system. In this step, a needless function and excessive 
performance for the equipment are deleted. A proper 
target for production equipment development can be 
clarified according to such procedures. 


1. Introduction 


For the semiconductor industry to be developed in the 
future and lead to steady industry, we seriously have to 
achieve the decrease of the manufacturing cost of the LSI 
device. The semiconductor industry consists of quite a 
lot of industries and the industries should give all its 
energy for the costdown. 


The manufacturing cost of the LSI device is decided 
depending on the amount of capital investment, the 
drive capital, and the manufacturing volume. It is 
thought that 60-70 percent of the capital investment of 
the semiconductor factory is the semiconductor produc- 
tion equipment. 


Therefore, it is extremely important to reduce this. The 
demand of the costdown from the LSI device maker to 
the semiconductor production equipment maker is very 
severe. Mutual cooperation such as the LSI device 
maker, the production equipment maker, parts, and 
material makers is necessary so that our equipment 
maker may answer this demand. In this text, first of all, 
the amount of the investment and the manufacturing 
volume of the next generation semiconductor manufac- 
turing line system are clarified. Secondly, the idea is 
shown that the development targets of the cost and the 
throughput of the next generation semiconductor pro- 
duction equipment are clarified. 


2. The Future, Now and the Past of the Semiconductor 
Production Equipment Development 


As for the equipment maker, the equipment develop- 
ment which corresponded to a new process was barely 
able to have done it in the past. This depends on the 
equipment maker’s development power. Therefore, 
when a clear target was set about the throughput and the 
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cost of the equipment, it was small. However, recently 
the throughput of each equipment has come to be clearly 
provided. 


Therefore, equipment development throughput is 
strongly considered. In this case, the value of throughput 
was the one of increasing as much as one amount of the 
processing of wafers for each unit time from an old 
equipment. However, when this equipment was built in 
an actual LSI manufacturing line, it was not likely to 
demonstrate the manufacturing ability enough. We, first 
of all, think about the throughput of the entire manufac- 
turing line system in the equipment development in the 
future. Next, the throughput of the equipment unit 
which corresponds to it is decided. As a result, being able 
to raise the production efficiency of the manufacturing 
line system in the maximum and demonstrating the 
highest throughput performance of the equipment 
become possible. 


3. Analysis of Actual Results of Semiconductor Industry 


It is extremely important to estimate the specification of 
the next generation semiconductor manufacturing line 
system when the development target is set. The specifi- 
cation of a manufacturing line system necessary to 
decide the cost and the throughput of the equipment is as 
follows. 


1) The sales target of the LSI device 
2) The investment target 
3) The amount target 


We are able to forecast these targets from the semicon- 
ductor industry. The transition of the semiconductor 
market scale of the world is shown in Figure 1. The 
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expansion rate becomes 42 percent in one generation of 
DRAM. Therefore, the LSI device sales target of the 
semiconductor manufacturing line system by the gener- 
ation alternation can forecast a 42 percent increase when 
it is assumed that the number of the manufacturing line 
has not increased. The target amount is thought to be 
presumed from sales results of the single silicon crystal. 
That is, it is thought that the amount of sales of a silicon 
single crystal corresponds to the amount of the wafer 
processing of the manufacturing line system. Figure 2 
shows the transition of sales domestic silicon single 
crystal results. The expansion rate is 34 percent a gener- 
ation according to Figure 2. Therefore, the amount of the 
processing of a line for a generation can be presumed at 
a 34 percent increase. If the expansion rate of the 
investment exceeds the expansion rate of the sales, the 
rate of profit is compressed. Therefore, the expansion 
rate of the investment target must be less than the 
expansion rate of the sales. Therefore, a 42 percent 
increase can be presumed in the investment amount of a 
line by generation alternation. 


4. Setting of Development Desired Value 


It is possible to think the difference between the expan- 
sion rate of the sales and the expansion rate of the 
amount of processing as an additional value increase by 
generation alternation. This additional value is about 8 
percent according to the results of the preceding clause. 
The promotion power of the semiconductor business is 
supported by the increase of this additional value. There- 
fore, it is necessary to make the ratio of the expansion 
rate of the market scale and the expansion rate of the 
amount of processing at no change from an old value, 
even when the expansion rate of the semiconductor 
market scale becomes dull. For instance, when the 
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Figure 1. The Transition of the Semiconductor Market Scale of the World (Data From WSTS) 
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expansion rate of the amouni of processing has not 
changed though the expansion rate of the market scale 
becomes dull, the expansion rate of the additional value 
decreases. In this case, development of the business 
rapidly becomes weak. Each expansion rate shown by the 
preceding clause assumes the case that the market scale 
has expanded up to now. However, the expansion rate of 
a long-term market scale is forecast as dulling little 


compared with the past. 


Moreover, there is the possibility of an increase of the 
semiconductor manufacturing line. 


It is necessary to estimate the expansion rate of sales 
lower than the actual results. The correspondence of the 
sales target, amount of target (amount of the processing), 
and the capital investment target is shown in Table 1. 





Table 1. The Correspondence of the Market, Amount, 
Investment Target by the Generation Alternation 











Semiconductor 30% 35% 40% 42% 
market 

The amount of the 24% 28% 32% 34% 
processing 

Capital invest- 30% 35% 40% 42% 
ment 

















When the expansion rate of the sales of a generation is 
set to about 35 percent as a realistic value, the expansion 
rate of the amount of processing becomes 28 percent and 
capital investment becomes 35 percent. 


We assume that the investment of equipment accompa- 
nied by the increase of process is 15 percent. In that case 
the investment of equipment becomes 20 percent for 
correspondence of throughput increase. Therefore, the 
equipment throughput and cost can set the desired value 
of 28 percent increase and of 20 percent increase, respec- 
tively, by generation alternation. 


5. Setting of One Factory Unit 


The value which becomes the standard is needed though 
the equipment throughput by generation alternation was 
set 28 percent to increase target. Then, we take the 
standard based on the factory which can process 20,000 
wafers (six inches). The set point of the amount of 
processing of each wafer size by generation alternation is 
shown in Figure 3 based on this amount of processing. 
The figure upper row, shows the amount of processing 
for each month. The figure lower row shows the amount 
of processing for each average time when the factory 
operates 22 hours a day and 28 days a month. 


This is defined by one factory unit. The figure by which 
one factory unit is subtracted from the one that multi- 
plied the integer by the equipment throughput is thought 
to be an excessive specification of the throughput. This 
figure is 0 when ideal. The costdown of equipment can 
be achieved by reducing this when there is an excessive 
specification. Even if the equipment of a different maker 
exists together, facilitating the construction of the man- 
ufacturing line system which makes the best use of the 
throughput of each equipment becomes possible 
according to one factory unit regulation. 
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Development target 


- Cost — 20%increase/generation 
* Throughput — 28%increase/generation 











One factory unit table baced on the manufacturing 
line of the processing amount of 20000 wafers a month 


























(6inches) 
Size/Rule | 0.5um 0.35 um 0.25 um 0.15 “um 
6inches |20000/32.5 |25600/41.6 |32768/S3.2 |41943/68.1 
8inches |11250/18.3 |14400/23.4 |18432/29.9 |23593/38.3 
12inches | 5000/8.1 | 6400/10.4 | 8192/13.3  |10486/17.0 




















(Unit ; amount a month/amount a hour) 
Figure 3. The Set Point of the Processing Amount of Each Wafer Size by Generation Alternation 





6. Summary 


As for us, it is necessary to develop the equipment which 
maximizes the investment efficiency of the manufac- 
turing line so that the semiconductor industry may be 
developed. A proper development set point is necessary 
for this. We proposed the method of calculating the set 
point based on the transition of the actual result vaiue of 
the entire semiconductor industry. 


The Cost Effective Approach in a Mixed Product 
Manufacturing 
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[Article by Kunio lida, VLSI Manufacturing Division, 
ROHM Co., Ltd., 21 Mizosaki-cho, Saiin Ukyo-ku, 
Kyoto, 615 Japan} 


{[FBIS Transcribed Text] With recent semiconductor 
industries, as integration of a circuit becomes larger, the 
investment to wafer fabrication become enormous. In 
other words, the semiconductor industry is not as prof- 
itable an industry as it was. In order to make profit in an 
advanced LSI factory, we must increase the productivity 
to its highest point, at the most minimum facility invest- 
ment. This paper describes the standardization of pro- 
cess conditions, the manufacturing equipment layout 
and the FAB operators employment as approaches to 
higher productivity. 


Introduction 


Figures | and 2 show the forecasted investment amount 
and the comparison of the number of processing steps 
for each generation of DRAM. As the minimum feature 
size of devices becomes smaller, the investment in wafer 


fabrications becomes enormous. In proportion to its 
rising technical potential, the production process 
becomes more complicated, and it becomes impossible 
for just one semiconductor company to take those risks. 
For these backgrounds, recently, there has been a tie-up 
of capital and technology among competing companies. 
There is a demand for global partnership in the semicon- 
ductor industries. 
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Figure 1. Trend of Investment for Production Equipment 
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Figure 2. Trend of Process Steps and Design Rule 





On the other hand, to keep up with customers’ demands, 
even semiconductor manufacturers like ROHM that 
does not put much weight into memories, there is a need 
to develop and produce large scale devices with state- 
of-the-art technology. Wafer fabrication investment for 
various areas can be divided into building, clean room, 
utilities, production equipment, and others (Figure 3). 
The major portion within this breakdown is an invest- 
ment of production equipment. By standardization of 
equipment, it will be possible to reduce the cost and need 
to do so. And semiconductor manufacturers also have to 
seek to use the equipment in the most efficient way so 
that the fluctuation of market trends will not influence 
the production capability and can run the facility at full 
production rate all the time. 


FAB CAPITAL COST 
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The Standardization of Process Conditions—An Effective 
Use of Equipment 


To keep a factory fully loaded, it is to manufacture a few 
products which would not be affected by the economy. In 
the case of a mixed production line with BICMOS, ASIC 
and MEMORY, the following problem has occurred. 
The decrease in production efficiency caused by 
increasing conditions of the process, and results in more 
required manufacturing equipment. This tendency can 
be clearly seen especially on the batch type equipment, 
such as the diffusion furnace and CVD. In comparing 
two factories, factory “A” has a mixed production line of 
0.5um-1.2um ASIC and few generations 64K-1M 
SRAM. Factory “B” has only one production line of two 
generations 256K-1M SRAM. The process conditions of 
diffusion furnace and CVD will be as shown in Figure 4. 
The number of process conditions will be factory “A” 
having three times as many as factory “B.” Having 
boundary conditions for process productivity simulation 
shown in Table |, the relation between the number of 
process conditions and the number of manufacturing 
equipment required, become as shown in Figure 5. This 
result can be correct for a batch processing equipment. 
This being compared to the two factories mentioned 
above, as shown in Figure 6, there will be a difference in 
the number of manufacturing equipment required, pos- 
sibly as much as 1.7 times. When considering a “small 
quantity many variety” production line, the problem 
mentioned above will be solved by using only single 
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Figure 4. Difference in the Number of Process Conditions 
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wafer processing equipment, however, the cost per pro- 
duction is ordinarily higher. So, in order to solve the ) BOUNDARY COoNDITION- 
problem by a batch type equipment, the answer is to 



































simply reduce the number of process conditions  PRODECTION. 1390 Ay day : 
required. As a procedure, we have to list all the process PRODUCTION RATIO OF EACH PROCESS COMDTIONS 19 4 DIFFUSION FuRNice | 
conditions of each product, and then integrate all the 
similar ones to one process condition. In other words, we : 
have to produce devices according to the standard PROCESS | PRODCTION 
process conditions. fi i 
A 10 
f 8 j 15 
POURED OF MANEFACTCRING FOEIPwEETs eCosierD C 5 
— : —_ D ? , 
ractent « peocess ractoet 8 ! ; | ; 
i ' ———— (oo 6 | 8 | 
‘i> Mens: 3 ‘ = J 
i ! *T 
‘ — onipaTios : by 2 —— OF STOP TIME i 9 EACH PROCESS IS 190 Times OF 
: ‘ PROCESS CYCLE TIME. 
| s — 2n1paTio€ 3 — ’ ' 
| | | | i J 
| ‘ —, oerre-is a ] Table 1. 
H | 
‘ — asta i = 2 
! ‘ —_ a = : : As a result, as shown in Figure 7, each different type of 
| product is produced with a selection/combination of an 
— mus — : optional line. By adopting one process condition allowed 
__} for each equipment, the batch efficiency of the produc- 
— owe ' tion equipment is at its highest and can lower the cost for 
+‘ wee: — production. 
3 
| 


Factory Layout Considering Production Flow 


In the production of LSIs, 300 to 500 process steps are 

necessary. This can be divided into five categories: 

Lithography, Diffusion, Ion-Implantation, Thin-Film, 

Figure 6. Difference umber anufacturi and Etching. By going through this process many times, 
Saipuent fenied “= the LSIs are completed. Here, let us think about the 
equipment layout considering effective use of factory 
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Figure 7. Image of Primary Line and (..<‘onal Line 





floors when clean room is multi-floor structure. Listed 
below are points in layout of equipment in a semicon- 
ductor factory: 


1) The distance for the product to be moved has to be 
short. 


2) It has to correspond to many kinds of products. 


3) It must not create loss to the ability of equipment. 


Especially, 1) and 2) are necessary in the production of 
ASICs which requires short turnaround time. The main- 
stream of LSI production flow is shown as product material 
movement between the process categories in Figure 8. The 
frequency of product material movement between the pro- 
cess categories are shown in Table 2 for each product. Figure 
8 and Table 2 show that the lithogrephy process is like a 
hub. From this, it would be better if the lithography process 
was located at the center of the factory, and the diffusion 
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process and the ion-implantation process were located in the 
front half, and the thin-film process in the back half of the 
flow. Figure 9 shows equipment layout of a multi-floor 
structure with “job-shop” layout and a “continuous flow” 
one. Figure 10 shows movements of product materials 
between different floors when LSIs (CMOS/ 
Memory,BICMOS) are flowed through lines with these two 
types of layout. The disadvantage of “job-shop” layout is 
clearly seen from the figure. But if we use “continuous flow” 
layout only from the viewpoint of product flow, the loss of 
production capacity would be caused. Also, the layout 
would drastically change depending on the type of main 
product. Therefore we think the best way would be the use 
of an “intermediate type” layout (we call it “work cell”) 
between a “job-shop” one and a “continuous flow” one, in 
order to satisfy the three points listed above. In other words, 
it is favorable to maintain the high production capacity of 
equipment even if there are some movements in the flow of 
wafers between floors. (8) 


-_->- -— 








Figure 8. Product Material Moveny nt Between the 
Process Categories 








Table 2. Frequency of Product Material Movement Between the Process Categories 





























Memory Metal CMOS 2Metal BiCMOS 
(1) 2 3 ! 0 6 2 5 3 0 
(2) I + 3 2 4 2 3 2 f 
(3) 5 7 6 4 I 7 4 1 5 
(4) ! 0 2 3 I 7 2 0 5 
(5) 6 4 2 0 ! 0 2 2 ! 
(6) 4 4 I 4 5 2 5 3 0 
(7) I 6 3 ! 2 & 1 ! 5 
(8) 10 2 3 6 2 3 6 2 2 
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Figure 9. Layout of Multi-Floor Structure 
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Figure 10. CMOS Device Movement of Each Type 





High Productivity With Inexperienced Operator 


In the field of semiconductor industries, technology has 
been making remarkable progress. Compared to other 
industries, it is not so physically hard for operators as 
others. In the semiconductor production process, there is 
no operation where the operator directly handles and 
processes the wafer itself. For this reason, the stability of 
young workers at the factory is not very high. 


On the other hand, creating job opportunities of middle- 
aged and aged workers is a contribution to the local 
community because of the practice of retirement in 
Japan. Also, from Japan’s population structure, the 
young working population is on a decline, so the employ- 
ment of middle-aged and aged workers is thought to be 
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an important issue. The merits to the employment of 
middle-aged and aged operators are as listed below: 


1) High reliability from long years of previous labor. 


2) They persevere and are serious torwards the opera- 
tions requiring skill and repeating operations. 


3) The manuals (in which operation procedure is 
described) make training easy. 


4) The stable quality of operators. 

5) Very high attendance. 

6) Contribution to the local community. 
7) Labor force in the future. 


Summary 


In order to maximally increase productivity with the 
minimum plant investment, it is important to standardize 
the processing conditions, to combine the standardized 
process steps and to line up the devices as many as 
possible. From this approach, we can not only keep the 
factory running at full, but also produce many types of 
LSIs, like producing only memory. 
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Abstract 


Improving initial yield is one way to overcome the ever 
competitive market of semiconductors. To accomplish 
this, analyzing particle/pattern defects is a method in 
finding a countermeasure. We have developed a system, 
from controlling the master parameter setting, to derive 
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where and what the problem is. It gathers data from QC 
data; especially related to particles and pattern defects. 
This system is completely independent of other systems, 
thus enabling it to be used in any type of line (e.g. 
unautomated/automated, large/small). 


1. Introduction 


As technology advances from generation to generation, the 
manufacture of advanced semiconductor devices become 
increasingly competitive. Development and manufacturing 
cost are increasing, while average selling prices maintain a 
steady downward trend. One must hold down manufactur- 
ing/apparatus costs and enhance throughput, line start-up 
time, and, of course, productivity yields. 


Improving initial yields is quite effective especially when 
dealing with the manufacturing of new products. This is 
usually done like the scheme shown in Figure 1; parameters 
are given, product is made, data is gathered, analyzed and 
countermeasure is fed back to the machine. 


( Improvement Cycle ) 


| Parameter Setting | 


| Fabrication 
4 Feedback 


| DataGathering =| 
































|  DataAnalysis =| 
- Optimize 
Process & Equipment 











- Shorten Cycle Time 
Figure 1. Improvement Scheme 





Unfortunately, many process steps, a characteristic of semi- 
conductor making, has made it difficult to analyze in time 
for lines in site. We have developed a system which may be 
the answer to that. This paper shall overview the system 
which controls the master parameter setting. (Figure 1). It is 
especially emphasized on gathering and analyzing data from 
unwanted particles and pattern defects. 


2. Preconditions 
This system is developed under the following preconditions: 


1. This system shall be applied accordingly to the level 
(i.e. rate of factory automation, size of factory, etc.) of 
line. 
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2. Many types of products are simultaneously fabricated 
in a line. 


This system has two major control systems. The process 
control system gives the recipe to the machine cach time. 
The yield control system gathers characteristic test 
results and analyzes it. Data, such as type of product, 
process, machines to be used, can be obtained by 
entering it manually using a terminal or by directly 
getting it via the network systems. This was done to 
compensate any level of automated lines. 


Test results are also obtained directly from the testing 
machines. Test results especially affiliated with the perfor- 
mance of the products received on line are stored as 
Inspection QC data by the yield control system. This would 
make it possible to be used regardless of the FA level of line. 


3. System 


This system controls and analyzes data accordingly to 
the type of information. The scheme is shown in Figure 
2. Data from particle inspection data, QC data, and 
other testing data is related and analyzed as one whole 
data. In this case, it is considered as inspection data. 


Process data controls data of process and parameter of 
fabrication. Monitoring data controls data from moni- 
tors. Each has its own database where each data can be 
referred to by other systems via the network system. 


4. Particle Data Analysis System 


When a particle which is about a third to a half of the width 
of a lead wire (0.5m for 16DRAM) gets in contact with the 
wafer, it causes short circuit and other breakdowns. There- 
fore it is essential to lower the number of unwanted particles 
if one is to increase its product yield. Unwanted particles are 
caused for many different reasons such as chemical byprod- 
ucts from the etching process, particles worn off by friction 
from moving parts. Thus not only inspection data is needed 
but also the conditions of the machine and process as well. 


4.1 Features 


When the pattern error of the circuit can be seen, it is a 
pattern defect. This defect may damage the quality of the 
product itself. To improve yields, analyzing this defect 
and finding a countermeasure is essential. 


To analyze efficiently, the following system has been 
enhanced. 


(1) Major Problem Process Finding System 


Relationship between pattern defect/particles on yield 
are analyzed in each process. 


The process with least product yield due to pattern 
defect is considered to be the major problem process. 


(2) Standards Control 


Defining the standards of unwanted particles and pattern 
defect to each process. 
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Figure 2. System Structure 





(3) Process tracking 


Same wafer is inspected by multiple processes and the 
coordinates are recorded. Any change in the wafer can be 
confirmed from the records and thus find in which 
process the problem occurs. 


Process tracking is an analysis sequence involving par- 
ticle inspection for a number of processes on the same 
wafer, determination of identical particles by comparing 
coordinates of particles adhering from each process. 


(4) Distribution Analysis 


The distribution of the defect is analyzed when it has 
been through a major problem process. In some cases, 
the distribution shows some unique characteristics 
which can then pinpoint what machine or tool is the 
problem. 


(5) Compare Particles With Defect 


When a defect is found, data is compared from the 
previous process. If a particle is found in both processes, 
it is deduced that that particle is the ‘troublemaker’. 


Each inspection machine has its own set of coordinate 
axis so that it may give the most accurate readings. 


Therefore, original data (from the machines) cannot be 
compared with each other. We have made an emulator 
so that all data can be read to define the same absolute 
coordinates. 


The features of (1), (2), and (4) can be done each 
using/having it. Features (3) and (5) must refer to the 
same data thus an ID system for wafer becomes neces- 
sary. Furthermore, in feature (3), the data of process 
order is necessary. This information is taken from the 
process management control via the network system. 
Each product and process has its own unique process 
order, therefore each product/wafer has an individual ID 
to make controlling easier. 


All data from the particle inspection and visual inspec- 
tion are stored in the database of the workstation using a 
network system (based on IEEE802.3). Data, which is 
stored for six months, can be retrieved anytime and 
analyzed the other workstation. Of course, it can be used 
by a superior analyzing system using the network system. 
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Figure 3. Operational Block Diagram of Particle and Visual Inspection Analysis System 





Process Management 





























> Machind 





























Process 
Parameter ; 


Search Scheme for Process Parameter 

















* 
A 


Process Parameter 


Input Terminal 


Manual Machine Auto Machine 


Figure 4. System Structure of Process Management 





5. Process Control System 


The process control system controls the flow of semiconduc- 
tors, the parameters of each process and other recipes. The 
scheme of the control is shown in Figure 5. The settings are 
given to the terminal or controllers by the parameter server. 
This can be done whether the machine is automatic or 
manual. As it can be read in Figure 5, the system can be 
upgraded or enhanced to the level of the line. 


Giving the recipe to the machine is handled easily. The 
operator first inputs the type of product to be made and 
the process where it is to be made. The system searches 
its data and shows which apparatus is to be used. The 
condition of the apparatus is gathered, and then taken 
into consideration to give the best recipe. 


If the line is not automated, the operator enters the 
desired machine to be used into the terminal where, in 
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Process Parameter | Thickness 0.8 +0.02 ym Data 
Figure 5. Diagnostic and Optimization 
turn, it would show the best settings. The operator would YW : Short Circuited Pasterns 
then feed the information into the machine used to make ~~ CI : Others 
the wafer. Of course, if the line is automated, everything ttt \ PA 
would be done on line. / Hert titted) * 
5.1 The diagnosis of process and concluding the best 1 wut 5 
recipe. Mitt th teeett 
ait bestinesen 
As shown in Figure 5, the system makes a process rit} Shon 
diagnosis according to the directions (recipes) given and ese BD Circuited Others 
feeds back the diagnosis to the setting of the parameters. Patterns 
In an unautomated line, the operator inputs the data — 
where, as in an automated line, everything is done Defect Distribution Categories 
automatically. The data given here is stored for refer- Vv: Matched 
ence. The data is analyzed and compared to the data of V7 : Unmatched, 
the machines (parameters, events etc.) and products z : $ tt t \ 
which in turn would be used to set better settings of raj ae gecegpeneei jae 
parameters. Data is also gathered from the next process a ancasvectiosnsazs) 
step to calculate any minor changes. Z : ote ] 
: , CICctrry : 
The system uses this scheme to feed back its parameters. = ro . r 
6. Analysis Method (Particle and Visual inspection ' 
sna cess Tracking PARC 


As in Figure 6, a lot of pattern defects were found in 
process D. Much of the patterns were short circuited, 
hence the countermeasure to be done was to prevent this 
short circuit. Particle process tracking was done to 
process prior to process D (i.e. process A, B, and C). 
Much particles generated in process C. The distribution 
of the particles from process C was compared with the 
distribution of the short circuit in process D. There was 
great resemblance, hence the short circuit in process D 
was caused from the particles generated in process C. 


7, Conclusion 


We have developed a system which can identify exactly 
which process particles were made by analyzing data of 
machines/process via the network. Three main systems 
consisting of this is process control system, the QC 
system and the process monitor system. Data has been 


Figure 6. Particle and Visual Inspection Analysis 





standardized so that it may be processed in any step and 
in any system. Each system holds its own data (i.e. 
inspection, process, monitoring, etc.) respectively, and 
can use other data from other databases when needed 
making it possible to be done individually. This feature 
has made it possible to upgrade your system according to 
your needs, or the level of your manufacturing line. 
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[FBIS Transcribed Text] Recently in semiconductor IC 
production, the investment and the running cost of a 
clean room air conditioning system have been increasing 
in proportion to enlarging the production scale. The 
above investment in it occupies 20 percent of it in the 
plant investment and the running cost reaches 45 percent 
cost of the plant running cost. These are in the IC 
manufacturing cost. Under the above situation, to 
reduce the investment and the running cost of it can 
make a great deal of profit as much as cost reductions of 
production equipment and others. 


To accomplish the above reductions of the clean room 
air conditioning system, the low cost and the highly 
efficient fan filter system has been developed by authors. 


Introduction 


Recently, semiconductor IC production has a tendency 
toward finer pattern processings and variable quantities 
of a large number of different products. Consequently, 
the investment in wafer processing equipment has been 
increasing. On the other hand, the investment and the 
running cost of the clean room air conditioning system 
have been increasing in proportion to enlarging the 
production scale. The investment in it occupies 20 
percent of it in the plant investment and the running cost 
reaches 45 percent of the cost of running the plant. These 
are included in the ratio of the IC manufacturing cost. 
Under the above situation, to reduce the investment and 
the running cost of it can make a great deal of profit as 
much as cost reductions of production equipment and 
others. To accomplish the above reductions of the clean 
room air conditioning system, the low cost and the 
highly efficient fan filter system has been developed by 
authors. 


System Composition 


The new type of fan filter system is composed of one fan 
unit, a maximum of nine filter units and flexible resin 
ducts to join those units (Grouped Control Method). 
One system can cover a clean area of 7.6m7. Attaining 
levels of system efficiency, the contamination and the 
vibration required in 1 Gbit era, all of the units and the 
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duct have been developed from the beginning in consid- 
eration of the contamination source, the vibration mech- 
anism and the air flow. Figure 1 shows the system 
composition. 


i FILTER UNIT 
———— 






































Figure 1. System Composition 





Fan Unit 


The efficiency of a fan filter system almost depends on 
those of the fan and the motor. Developing the new type 
of filter system, the frame numbers of the fan and a 
larger motor, larger than those of existing types, have 
been selected to gain high efficiency within allowable 
vibration and noise levels. Especially, new types of 
motor rotor, vane wheel and bearing have been devel- 
oped to decrease the vibration, the mechanical loss and 
the electrical loss. 


New types of structure and material have been intro- 
duced to the fan case to decrease the noise. Moreover, 
requiring an extremely low noise level, a sound attenu- 
ator can be provided. Tuned mass dumper (TMD) has 
been prepared in consideration of the sympathetic vibra- 
tion between the fan unit and the construction. As a 
result, the new type of fan filter system has gained about 
three times efficiency as much as the existing type. 


Filter Unit 


The resin monolithic construction has been introduced 
to the new type of filter case to reduce the weight and the 
cost. Three kinds of resins have been selected for the 
filter case and have been tested for heat resistance and 
released gas. As a result of tests, Poly Carbonate (PC) 
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resin is most suitable for the filter case. Table | shows 
the accumulating values of the released gases from the 
PC resin after leaving it for 24 hours at 23°C and 80°C 
respectively. The Gas-Chromatography has been used as 
a measuring device in these tests. 





Table 1. Released Gases From the PC Resin 








45 


glass-fiber cloth which covers the surface in resin has 
been introduced as the duct material. The clasp type of 
joint has been provided at not only joints between units 
and ducts but those between unit components. The 
above has made the clean room construction and main- 
tenance easy. The specifications of the units and the duct 
are shown in Table 2. 





Table 2. Specifications of the Units and the Duct 



































Gas Temperature 
at 23°C (ng/g) at 80°C (ng/g) 

Carbon compounds (C 5 3) ND 13.9 
Methyl Chloride ND 8.2 
C4Hg, C4Hi9 ND 11.0 
Acetone, methyl ethyl ketone ND 3.2 
n-Butanol ND 8.8 
Ethyl Methacrylate ND 15.4 
Total =! 60.5 











Metal coating has been provided inside of the filter case 
to prevent the dust from adhering by dielectric force. 
Consequently, the weight of the new type filter unit has 
reduced to | lkg. 


Flexible Duct 


When the fan filter systems are set up to a clean room, at 
first, the filter units are laid on the grid ceiling along the 
clean area. And the fan units are laid beside the filter 
units on the same grid ceiling. After that, those filter 
units are joined to the fan units by the flexible ducts. The 




















Fan Unit Filter Unit Flexible Duct 
Dimensions W: 1200: D: W: 600; D: —_ 
2000; H: 700 1200; H: 210 
Weight 142kg/unit 1 i kg/unit _— 
Material _ Poly carbonate | Glass-fiber 
covered by 
resin 
Efficiency 50.5% Motor; _ _— 
87.0% Fan; 
58.0% 
Application 


Figure 2 shows the new type of fan filter systems which 
are set up to the bay type clean room. When the local air 
return type of clean room system is composed of the 
above fan filter systems or a precise temperature control 
is required in the specific area of the clean room, it is 
more effective to control the air temperature by the dry 
coil at the fan unit. In this system, the dry coil can be 
easily attached to the fan unit. 
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Figure 2. The New Type of Fan Filter System for the Bay Type Clean Room 
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Table 3 shows the efficiency and the consumption power of 
the new type system in comparison with the ordinary type. 





Table 3. The Efficies and the Consumption Powers of the 
Fan Filter Systems 























New Type Ordinary Type 
A B 
Efficiency Motor 87.0% 46.0% 70.0% 
Fan 58.0% 41.0% 42.2% 
Unit 50.5% 18.9% 29.5% 
Consumption power per 84.2W 225.3W 143.8W 
filter unit 














Conclusion 


In semiconductor IC production, a tendency toward a 
larger wafer size and single wafer processing and an 
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introduction of intraprocess automatic wafer transfer 
system will make a clean room form a great change in the 
future. But a fan filter system like it in this paper will 
occupy a main current as a clean room system after 
about five years. Authors have developed a highly effi- 
cient fan filter system by challenging the limit of ordi- 
nary engineering techniques. The new type of fan filter 
system will be introduced to not only new plants but 
existing plants, and contribute to the investment reduc- 
tion and the running cost reduction of the clean room. 
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